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Report of Citizens' Water Committee. 



To the Honorable Mayor and Members of the Board of Trustees 
of the City of Sacramento — Gentlemen : On the 3d day of July, 1899, 
His Honor, Mayor Land, upon the recommendation of the Board of 
Trustees, appointed the following named citizens as a committee on in- 
vestigation in the matter of a clear water supply for the city of Sacra- 
mento, to wit: L. Tozer, Herman H. Grau, T. B. Hall, J. H. Arnold, 
F. E. Smith, Thomas Fox, F. B. Adams, Howard Stillman, D. McKay, 
R. I. Bentley, Stephen Uren, P. C. Drescher, D. A. Lindley and Drs. A 
M. Henderson and D'Arcy Power. 

Mr. Stephen Uren declined to serve and Mr. Thomas Scott was 
appointed in his stead. 

On July 26, 1899, Mr. R. I. Bentley tendered his resignation be- 
cause of his inability to give the time necessary to properly investigate 
matters before the committee, and Mr. A. Meister was appointed by the 
Mayor to fill the vacancy. 

On September 20, 1899, Mr. F. B. Adams tendered his resignation 
as a member of the committee, and on October 4th Mr. W. J. Hassett 
was appointed by the Mayor to fill the vacancy. 

On the 26th day of March, 1900, Dr. D'Arcy Power, owing to re- 
moval from the city, resigned as a member of the committee, and Mayor 
Clark appointed Dr. W. A. Briggs in his stead, April 21, 1900. 

Mayor Clark also appointed J. C. Ing, Jr., President of the Board 
of Trustees, a member of the committee. 

ORGANIZATION. 

The original committee was called together by His Honor Mayor 
Land on the 8th day of July, 1899, at the office of the Mayor, who stated 
that the object for which the Committee was appointed was to fully in- 
vestigate the several water propositions then under consideration, to the 
end that a report should be made to the Mayor and Board of Trustees, 
recommending the best and most economical plan by which an ade- 
quate supply of clear, pure water could be secured for the city. There- 
upon the committee organized by the election of Lewellyn Tozer, Chair- 
man; Herman H. Grau, Vice-Chairman, and S. Luke Howe, Secre- 
tary. 
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of which was made by the sub-Committee on Wells on March 2, 1900, 
and a final report submitted in November. The sub-Committee upon 
Sacramento River submitted a plan for filtration and a report thereon 
March 6, 1900. This plan embraced the plant of the present water 
works, but the proposition was afterwards considered to be insufficient 
to meet the future wants of Sacramento and that a more advantageous 
site was desirable for the location of the proposed new works. Per- 
fect filtration being deemed possible and the Sacramento River offer- 
ing many advantages as a source of supply, another locality was se- 
lected and a plan and report by the sub-committee was submitted later 
on. During the months of March and April, 1900, the committee 
again conferred with Mr. H. Schussler and by his invitation several 
members visited the Spring Valley Water Works and were courteously 
received by Mr. Schussler and shown over nearly the entire system of 
the above-named water company and its operations and many of its 
details were fully explained. The developments and results obtained 
by said company at Lake Merced led the committee to believe that 
similar results might be produced at or* near the junction of the Sac- 
ramento and American Rivers, thus avoiding the cost of filtration as 
well as securing a water supply near, the present inexhaustible source, 
where the Sacramento River would always be available in case of pos- 
sible failure elsewhere. Accordingly, and, after considerable unavoid- 
able delay, land was bonded and the work of boring wells to ascertain 
results thereon was performed during the months of July and August, 
1900, under the direction of the sub-committee appointed for that pur- 
pose, P. C. Drescher, Chairman. The quality of the water developed in 
this locality was found to be undesirable and this project was thereupon 
abandoned. (See analysis and report of sub-committee.) 

The sub-Committee on Mountain Supply filed its report November 
22, 1900. The sub-Committee upon American River and North Fork 
Ditch filed its preliminary report June 5, 1900, and its final report 
Marcfi 27, 1 90 1. 

In October, 1900, the sub-Committee upon Sacramento River 
having found its preliminary report unsatisfactory for reasons herein- 
before stated, asked and obtained authority from the General Com- 
mittee to employ an engineer to prepare a new plan and estimate. Mr. 
Walter Wagner, of Chicago, was chosen for that purpose and in a 
conference with the sub-committee in January, 1901, new surveys were 
made and he was instructed to prepare plans, specifications and esti- 
mates for a filtration plant, with pumps complete, to be established 
upon land selected by the sub-committee and located north of Slater's 
Addition and near the junction of the north levee and the Sacramento 



River. His plans and estimates were received by the sub-committee 
February 28, 1901, and immediately taken up by said committee. His 
estimates were verified by those secured from local contractors and 
others, and the committee's final report was submitted and filed March 
27, 1901. 

The preliminary reports of Messrs. Rudolph Hering and L. J. Le 
Conte, together with all the reports of the sub-committees are herewith 
appended. 



Preliminary Report of Rudolph Hering:, 

SAN FRANCISCO, October 23, 1899. 

General Lewellyn Tozer, Chairman of the Water Committee of 
Sacramento, California — Dear Sir : In compliance with your request to 
visit your city, examine into certain projects for a new water supply 
and advise you regarding further investigations, I hereby report as fol- 
lows: 

On my arrival you stated to me that you desired the entire water 
problem looked over and an opinion given as to which of the available 
projects for securing a better supply should be further investigated, and 
if so, to indicate the character of such investigations. For this purpose 
you gave me to look over, several previous reports that had been made, 
suggesting certain new sources of supply. 

October 20th, 21st and 22d were spent inspecting the present works 
and, so far as it was possible within the limited time of my visit, exam- 
ining into all of the projects that had been suggested to obtain a better 
supply, and conferring concerning them with the gentlemen of your 
committee. 

On the 20th I examined, with several members, the point of con- 
fluence of the American and Sacramento Rivers, the present pumping 
station and the territory suggested for securing a ground-water supply 
southeast of the city. On October 21st I was shown the works of the 
North Fork Ditch Co. at Folsom. 

On the 20th the Sacramento River was running fairly clear, but the 
American River was turbid. The rains of the following day caused the 
Sacramento River likewise to become turbid and to rise to the gauge 
hight of seventeen feet. It was stated that the quality of the water was 
then almost equal to its worst, so far as turbidity was concerned. 

The present water supply of the City of Sacramento is taken from 
the Sacramento River in front of the city about half a mile below its 
confluence with the American River. At the pumping station this 
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water is forced into the city mains for distribution. There is no reser- 
voir nor stand pipe in the city, the system of distribution being that of 
direct pressure. 

The pumping station contains one 5,000,000 gallon Allis pumping 
engine, which is new and apparently doing good service. There is also 
a 5,000,000 gallon Holly pumping engine, said to have been erected in 
1872. This machine is old and is reported as not being in proper con- 
dition on account of its age. There is another pump in the building of 
about the same capacity, but it is reported to be entirely worn out and 
not in use. 

The amount of water required in the city per day varies according 
to the season. It was stated to me that the average consumption in 
Summer was about 7,000,000 gallons per day and in Winter about 
4,000,000 gallons per day. Inasmuch as these quantities do not contain 
an allowance for a slip in the pump cylinders, they are therefore exces- 
sive. 

The station further contains three boilers carrying about ninety-five 
pounds of steam and said to be in good condition. 

The safe capacity of the pumps is reported to be insufficient for the 
Summer supply and the old pumps should therefore as soon as possible 
be replaced by at least one new one. 

The chief trouble from which the city is suffering at present is the 
turbidity of the water during most of the year. It is therefore desired, 
either to get a new supply furnishing clear water or else to purify the 
present supply. 

The analyses of the water of both rivers show it to be practically 
free from injurious organic pollution. After filtration it is very palat- 
able. An exception is made, however, in the case of the Sacramento 
River when, after a large area of low land has been flooded, the water 
recedes. It has then an unpleasant vegetal taste, no doubt due to its 
contact with the vegetation of the flooded land. The analysis further 
showed that by far the greater part of the suspended matter causing the 
turbidity is of mineral character. Most of it subsides quickly when the 
water is at rest. Some of it, probably being fine clay, remains to leave 
the water discolored for at least several davs. 

There is no noticeable difference in the taste or in the hardness of 
the waters of the two rivers ; in both of them it is quite soft. Its quan- 
tity is ample at all times to supply the city with water. 

The following projects or propositions have been suggested to im- 
prove the supply : 

First — The Sacramento and American Rivers are to be used as the 
source, the water being taken at or near their junction above the city. 



In order to render this water satisfactory, it is necessary to filter it at all 
times, and during most of the year to cause it to pass also through set- 
tling basins, in which the heavier suspended matter can subside before 
the water is taken by the filters. All of the water would require to be 
pumped. 

Second — Southeast of the city, experience with wells has indicated 
the existence of a possibly large supply of ground water. This water is 
found at a depth from twelve feet to ioo feet below the surface, under 
an impervious stratum. Numerous analyses have been made of it and 
most of them have revealed a water of good quality. It is harder than 
river water, but not hard enough to be objectionable for domestic pur- 
poses. 

No proper and sufficient examination has as yet been made of the 
availability of this source to supply the City of Sacramento. Presum- 
ably there is, as in similar locations, a deep stratum of gravel and glacial 
drift extending from the foothills into the plains and bearing a current 
of water, which, if it is of good quality and of sufficient quantity, can 
furnish a good domestic supply. 

The original source of all ground water is the rainfall. The falling 
water partly runs off on the surface immediately into brooks and rivers, 
and partly percolates into the ground and flows beneath the surface to 
a natural outlet. If the ground is porous it can hold and pass a large 
quantity of water. If there is a continuous percolation from the rain- 
fall and a continuous discharge of the ground water into watercourses, 
lakes or the ocean, there is established a permanent underground flow 
of water, which in numerous cases has been utilized for supplying cities. 

The principal advantage of such water is that organic impurities 
have been naturally filtered out of the same, and that it has become 
spring water. Sometimes mineral impurities are dissolved by the per- 
colating water, making it either hard or giving it an objectionable taste. 

In the present case the analyses do not indicate that the water is 
objectionable for the city's use. This statement will, however, remain 
true only if the large quantity required by the city does not introduce 
unknown conditions which may affect the quantity of its mineral con- 
stituents, and true only if no polluting organic matter is hereafter^ dis- 
charged into the ground water through deep cesspools drained into the 
water-bearing strata. 

As it is not probable, however, that either the hardness or the or- 
ganic pollution will be increased beyond that shown in the present an- 
alysis, but rather diminished, this source of supply is also one which 
should be investigated. The ground water, of course, requires pump- 
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ing, but no other treatment. It is therefore a less expensive supply than 
the river water, which, besides pumping, needs filtration. 

Third — The North Fork Ditch Co. proposes to furnish the city, 
from its ditch near Folsom, a supply of iooo miner's inches, or about 
15,000,000 gallons per day. This water is now delivered at a night suf- 
ficient to allow it to flow to the city by gravity through a pipe line and 
under a pressure of about 150 feet. It would require filtering to render 
it acceptable. Probably there is but little, if any, difference in the ex- 
pense of filtering the water coming from the North Fork of the Ameri- 
can River or of filtering the water of this river at Sacramento. 

Fourth — A further proposition has been made, in case the quan- 
tity of ground water should be found insufficient for the entire supply 
required by the city. It is then proposed for economical reasons to fur- 
nish such quantity as may be available and to supplement it by the con- 
tinued use of the river water at the city, but after it has been purified by 
filtration. 

Fifth — Still another proposition has been made, namely, to obtain 
clear and pure water directly from the mountains at the nearest avail- 
able locality and to bring it to the city in a pipe line by gravity under 
a sufficient head to answer all practical purposes. 

The filtration of water is a subject about which now much more is 
known than a few years ago. It has become possible to arrange filter 
plants so that the effluent water can'be given any degree of purity that 
may be desired. There are, generally speaking, two methods in use — 
the slow and the rapid filtration. 

The slow filtration requires a bed of sand several feet thick and ar- 
ranged in specially prepared basins, having an impervious bottom and 
sides. The water is allowed to percolate through this sand and escape 
by specially arranged drains at daily rates varying from five to ten cubic 
feet per square foot of filter surface. Various appliances are necessary 
to insure a proper rate and to enable a top layer of sand to be removed 
when it becomes clogged, to wash the sand thus removed and there- 
after to redistribute it upon the filter. 

The rapid filtration requires tanks made of wood or iron and sup- 
plied with mechanical appliances to wash the sand in the tanks. These 
rapid filters are intended daily to clean about 300 cubic feet of water 
on every square foot of sand surface. In order that this rapid percola- 
tion may be accomplished, and yet effectually cleanse the water, it is 
necessary to use a coagulating material, such as alum, in order to have 
on the surface of the filtering material a film which retains the bacteria 
and finer particles of suspended matter. 



There are other, but minor, differences between the slow and rapid 
filters which it is not necessary to enter into at present. 

Prior to the successful operation of either, it is necessary to allow 
for a sedimentation of the heavier suspended matter. This is accom- 
plished, in the case of slow filters, by allowing the water to enter large 
settling reservoirs, where it can obtain a state of comparative rest. The 
suspended matter then naturally settles to the bottom. In the case of 
the rapid filters, there is a mechanical contrivance in use in some of 
them which accomplishes a similar result in a smaller space and in di- 
rect connection with the filters. 

A final comparison of the different available projects should be 
made along three lines of inquiry, namely: First, the quality of the 
water to be furnished; second, the quantity of water obtainable; and 
third, the cost of building the necessary works and of operating them. 

QUALITY. — In the case of the river waters, there seems to 
be no indication that they would not be suitable for the city's supply. 
A sewage pollution is and will be almost absent and nearly all of the 
suspended matter is mineral. A clarification of the water is therefore 
the main object to be secured, rather than the purification of water pol- 
luted with foul organic matter. For such a purpose, there is no differ- 
ence between the results of the slow and the rapid filtration, and both 
these methods may, in the present case, be considered as having equal 
merits from a sanitary point of view. 

The known geological and topographical features of the water 
sheds of these streams indicate that the water should have a good qual- 
ity for municipal purposes. The mining industry causes much of the 
turbidity, and perhaps some slight chemical change, but adds no sani- 
tary impurities. 

If the analysis of the ground water, after long continued pumping, 
shows results equal to those heretofore obtained after long pumping, 
the quality of the ground water supply can be relied upon as being sat- 
isfactory. Inasmuch as this water has been clarified by a natural pro- 
cess, such a supply is therefore ordinarily considered preferable because 
more reliable than one which requires an artificial process. 

While the water from mountain streams, when it is naturally clear, 
will also generally be pure, it will not always be free from pollution, ow- 
ing to the fact that it is at least exposed to the incidental defilement by 
animals and human beings. A ground water supply or one that has 
been artificially filtered can be guarded against every subsequent pollu- 
tion. 
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QUANTITY. — There is no question that either the Sacramento 
or American River has a sufficient quantity of water during the driest 
year to supply the needs of the City of Sacramento. 

The North Fork Ditch Co. offers to deliver iooo miner's inches, 
or 15,000,000 gallons, daily to the city. This quantity is stated to be 
one-third of that which is made available by the ditch. 

Regarding the quantity of water obtainable from the ground water 
supply, it must be said that there is insufficient knowledge to foretell 
how much water could be permanently drawn therefrom. The indica- 
tions are that a supply of considerable magnitude may be available. A 
city should, however, not rely upon such indications until the actual 
minimum supply has been demonstrated by a proper test. 

Regarding the supply of pure and clear water from the mountains, 
it would be necessary to have a determination of the minimum flow 
during the driest years. Should this flow be insufficient, then it would 
be further necessary to investigate sites for storing the larger flow of 
water during the wet season, so that it may supplement the insufficient 
flow during the dry season. 

COST. — After the best of the above-mentioned prQJects have been 
ascertained, so far as the quality and quantity of water which they will 
yield are concerned, it is then necessary to make a careful estimate of 
the cost of each one, including different methods of filtration, so as to 
ascertain their relative economy. In order to be of value, such esti- 
mates of cost should be based on good judgment, experience and, when 
necessary, on surveys and other practical physical examinations. 

A comparison necessitates first the making of an estimate of the 
entire cost of building the works, including the purchase of land, water 
rights and other contingent expenses. It is then necessary to compare 
the projects as to their total annual cost, which must be made up of the 
following three items : 

a. The interest on the cost of the works. 

b. The depreciation per annum of the different parts of the works, 
some, such as structures of masonry, have a long life ; others, like tim- 
ber, iron or steel pipes laid in the ground, machinery, etc., perish in 
shorter times. 

c. The operation and maintenance of the works. This item should 
include the cost of supervision and inspection, the general care of the 
works, the making of small repairs and also all contingent expenses. It 
should further include, wherever required, the expenses for pumping 
and for purification ; also any royalty or annual charge for the use of 
ditch water, in case such water is used. 
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To point out more specifically what needs to be done to ascertain 
the relative merits of the several propositions considered, it may be well 
to add the following remarks. 

In order to have sufficient and reliable information for getting the 
necessary capacity of settling reservoirs and filters, in case either the 
Sacramento or American River or North Fork Ditch water is used, ob- 
servations should be made regularly during the coming Winter, per- 
haps twice a week, of the amount of sediment that is carried by the 
water. Such observations, for the purposes of comparison, are best in- 
dicated in parts of residue precipitated from a million parts of water. 

The project to utilize the water of the North Fork Ditch Co. should 
be investigated sufficiently to ascertain whether or not the quantity of 
water to be furnished by the ditch would be permanent as to natural, 
artificial and legal causes. 

A city should, if possible, control its own water supply as far as its 
natural source. It would be a serious matter should there be an acci- 
dent along the ditch or along the pipe line between Folsom and the 
city. A reasonably safe guarantee would include a duplicate pipe line 
from the dam to the city. A single pipe line between Folsom and the 
city might afford less risk than a single ditch between the dam and 
Folsom. 

Still, the importance of a city's water supply makes it desirable, if 
possible, to have more than one pipe line. 

In order to determine the quantity of water available below the sur- 
face of the territory southeast of the city it is necessary to make a thor- 
ough and systematic test. 

In the -first place the present level of the ground water should be 
ascertained as soon as possible, as this fairly well indicates the mini- 
mum supply, because the past season has been one of phenomenally 
slight rainfall. 

Levels of the water should be taken with considerable precision in 
as many of the private wells as possible for a distance of several miles 
from the city. They will establish the level of the plane of water, and 
indicate the slope of this plane, and therefore the fact as to whether or 
not there is a flowing subterranean stream. They would also indicate 
the direction from whence the water comes. Having found good rea- 
sons for believing that there is a considerable flow, then it would be 
necessary to sink several pipe wells near the city on a line at right angles 
to the direction of the underground flow and at such distances apart 
and in such numbers as may be found necessary. 

The depth having been estimated, at which it is probable that the 
water will stand when pumped, it may then be found necessary to dig 
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a trench into which to lay the pipe connecting the wells with the test 
pumps. 

These pumps should all be operated together, without interruption 
and with a constant discharge of water, passed through a flume and 
measured over a weir. 

Before the test is made small tubes should be sunk at such dis- 
tances apart as may be found necessary and in the direction from where 
the water flows. These tubes must be sufficiently deep to allow the dis- 
tance to the surface of the gound water to be accurately measured. 
These measurements should be made regularly during the time of 
pumping and the changes carefully noted. 

Such an investigation, if properly conducted, will make it possible 
to ascertain the greatest quantity of water that can be drawn from the 
ground perpetually ; provided, that during the pumping the water level 
in the test tubes remains constant for perhaps a mile or more in the di- 
rection of flow. 

As such a test cannot be made until the ground water level has 
risen above what it was at the end of the late dry season, it will be neces- 
sary to exercise careful judgment regarding the relation of the in- 
creased flow to the increased pumping during the test. It is very im- 
portant, therefore, to ascertain the level of the ground water at the 
present time before it has been materially changed by the rains. 

In case it is found that the ground water supply is insufficient in 
quantity to supply all the water needed by the city, it may still be eco- 
nomical to erect an auxiliary pumping station southeast of the city and 
obtain from this source as much ground water as is available. Then 
the investigation should be continued by ascertaining the cost of fil- 
tering the remainder of the necessary supply which may be obtained 
from the rivers. 

If the above test is made with reference to the condition of the dry 
weather flow, existing at the end of the dry season, there is no force to 
the objection that subsequently such a supply may fall off in quantity. 
This fear might only be entertained if the water filtered into the ground 
from the American River; for the suspended matter carried by it might 
close the pores and gradually reduce the flow through the same. But 
a natural ground water flow between the city and the mountains, and 
which may be entirely independent of the flow in the river, will not be 
reduced by clogging. 

The preliminary examination of taking the water levels in existing 
wells, will indicate whether much ground water now flows into the 
American River and thus might not flow to the pump wells near the 
citv. 
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If deep cesspools or other means of affecting the ground water sup- 
ply are prohibited by law, there is no probability of a future pollution of 
this source. 

To prevent polluted surface water from running down the sides of 
the tubes through which the water is pumped the city should own a 
strip of land upon which these tubes are placed. 

Among the investigations to be made it might also be well to as- 
certain the feasibility of getting a supply of clear and unpolluted mount- 
ain water. From the information I have received, it appears, however, 
that such a supply would be more expensive than some of the others 
which have been above discussed. 

In providing for a new and better water supply, and when estimat- 
ing the comparative cost of competing projects, there should be in- 
cluded in those projects requiring pumping, sufficient pumping machin- 
ery, so that one of the pumps can be out of service at any time for re- 
pairs. To depend upon an almost continuous working of all of the 
machinery is a risk which a large city should not take. 

Whether the water is taken from the ground, or whether it is fil- 
tered at the city, or whether it is brought in a conduit line from Folsom, 
it is in every case advisable, in my opinion, to provide a clear water 
reservoir of sufficient capacity to compensate for the irregular daily 
draft or consumption. During the day time much more water is used 
than at night and when there is a fire a sudden demand is made for a 
larger quantity. A clear water reservoir should hold from one-quarter 
to one-half day's supply, and will be of more value in or near a city than 
if it is twenty miles away, because the variation in the consumption or 
draft can be more readily satisfied. 

The clear water reservoirs, whether they contain ground water or 
filtered water, should be covered so that the water is protected from a 
pollution by dust or the growth of algae, giving the water an objection- 
able taste, a common occurrence both in ground waters and in filtered 
waters. 

In conclusion, and in view of what has been stated above, I would 
recommend to you that : 

As the ground water supply seems to indicate the availability of 
enough water to supply economically at least a portion of the city, a 
test of the same should be made at the earliest possible time. Besides 
ascertaining the available quantity, there should also be made a chemi- 
cal test of its quality when the greatest quantity is pumped. 

To be in possession of the desired data, in case it is found necessary 
to use river waters, the amount of sediment carried in the water during 
the Winter should be measured as frequently as possible, and particu- 
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larly at such times when the amount is greatest ; that is, when a high de- 
gree of turbidity prevails. 

After conducting the above tests it will be necessary to make sur- 
veys and plans for whatever projects will then appear to be most eco- 
nomical, and to make the estimates of cost in such a manner that not 
only the first cost but all the annual expenses incurred are properly pre- 
sented. To conduct such an investigation as above outlined in an ef- 
fective and economical manner requires the skill and close attention of 
an experienced and trained engineer, such as there are several avail- 
able in your neighborhood. Very respectfully, 

RUDOLPH HERING, 
ioo William Street, New York, N. Y. 



Preliminary Report of Committee on Wells. 

SACRAMENTO, Cal., February 26, 1900. 

To the Citizens' Water Investigation Committee of the City of 
Sacramento : Your Committee on Wells beg leave to submit the fol- 
. lowing report on the test of the wells one mile southeast of Sacra- 
mento : 

In the latter part of October of last year, Mr. Rudolph Hering ad- 
vised you that a survey of the ground waters adjacent to Sacramento 
should be made and, if the survey showed there was a flow from the 

1 

direction of the mountains, a test should be made to determine whether 
or not it was of such a volume as to warrant your recommending its 
use as a source of supply, or partial supply, for Sacramento City. His 
advice was that if a flow was found of sufficient volume to warrant the 
construction of the necessary plant, it would save filtration to the ex- 
tent of the supply developed. 

Under your instructions, the Committee on Wells proceeded at 
once to have the survey of the ground water made. That being made, as 
it happened, at the end of two phenomenally dry years, gave us a record 
of the lowest ground water that has ever been known. This can be 
compared with the state of the ground water hereafter, if desired. 

The survey was made under the direction of L. J. Le Conte, C. E., 
of Oakland, who reported that the results indicated a flow of water from 
the direction of the mountains. He advised that a test be made at the 
Kellogg place adjoining Oak Park. You then instructed our commit- 
tee to proceed with the test in hopes of completing it before the low 
stage of the water — ground water — could be materiallv affected. The 
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preliminaries, including the time consumed in getting the privileges 
desired of land owners, delayed us until the middle of November. The 
authorization of the test having been delayed until so late in the season, 
it became necessary to get privileges on land that would permit of a 
test being postponed until next Fall, if found impracticable to complete 
the test this year. We found property owners averse to giving ex- 
tended privileges on land that were considered by us important, and in 
other instances we found the underground formation unfavorable to 
completing wells in time with the means at hand. Had these conditions 
not prevailed, the test would have been made farther east. 

The reasons for taking the Kellogg place may be summed up as 
follows : 

Privilege was obtained for a period long enough to enable us to 
complete the test. 

The cost of the privilege was more than offset by the value of the 
two wells on the place. 

These wells had been tested by the Sacramento Chamber of Com- 
merce in 1898 with results indicating an underground flow of water of 
good quality and large quantity, thus rendering the probability of hav- 
ing to abandon the test here and repeating elsewhere exceedingly re- 
mote. Had a test been made in some other locality with different forma- 
tion, and the quantity and quality found to be more unfavorable than 
at the site of the Chamber of Commerce wells, there would have been 
a doubt as to the wisdom of the selection. The difficulty of obtaining 
authorization for the present test was such as to indicate that any doubt 
might never be cleared up by another test. 

We found the well borers willing to bore wells on the Kellogg place 
on a contract, while at other places they would work only by the day> 
or at prohibitory rates, because of unfavorable underground forma- 
tion. 

A further reason for locating at the place chosen was that the mat- 
ter of getting rid of the water seemed to present less serious obstacles 
at this point than at any of the other available locations. Even as it 
was, there were objections made at the last moment after it was too late 
for us to retreat. The committee had taken the precaution to have the 
route of the water channel inspected, and received a report to the ef- 
fect that there would be no damage, as the water would be conducted 
through the drainage canal to tide water. This channel is often used 
to conduct many times the quantity of water pumped at the test. In 
fact, any damage could be only imaginary, the thought of it being in- 
duced by the misconception of the quantity of water used by Sacra- 
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mento City — a small quantity as compared with that carried by the 
drainage canal after a storm. 

When all was ready, a delay in an attempt to avoid threatened in- 
junctions caused the test to run into a storm which stopped the trial 
on the third day. All these troubles might have been avoided to some 
extent had the test been made during the dry weather. The handicap of 
time and weather not only rendered results less satisfactory, but they 
were obtained at a cost of considerable more than would have other- 
wise been necessary. At one time the committee debated seriously the 
question of postponing the pumping until next year, but by the time 
this problem presented itself there had been great expenditure in in- 
stalling the plant, which would have had to be dismantled and returned 
to those from whom it was borrowed. We determined to go on with 
the test because the cost of completing it would be smaller than the 
loss which would be caused by taking out and returning the pumps and 
engines. It was further considered probable that there was less water 
flowing underground than there would be next Summer, because of the 
melting snows resulting from a hard Winter. 

The wells used were seven in number, southeast of Thirty-first and 
Y Streets, and exactly one mile distant from that point. A description 
of these wells and their location accompanies the report of Mr. L. J. 
Le Conte, which report we attach herewith. (The wells were designated 
by numbers from south to north and will be, referred to according to 
their numbers.) 

Mr. Le Conte had recommended boring a number of wells and 
connecting them through a tunnel thirty feet below the surface, and set- 
ting the pumps at that level. His attention, however, being called to 
the fact that this could hardly be done within the limits of the time 
and money available it was decided to sink seven separate wells and in- 
stall a pump and engine at each. Another reason for this decision was 
that threshing engines seemed to be the only available power. It was 
our desire to use electric power, but after considerable investigation this 
was found impracticable because of the expense involved and the im- 
practicability of obtaining power day and night at this point. 

Suitable engines, at reasonable rates, were rather difficult to ob- 
tain, and this feature, together with the short time available to complete 
the wells, determined the limit of the quantity of water that we endeav- 
ored to develop. This was placed at the maximum amount now used 
by the city. 

The wells were bored over a limited area, under the theory that if 
sufficient supply were developed from limited ground for the present 
requirements of the city, the future increased supply could be obtained 
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toy extending the system of wells. The extent of the plant was based on 
the estimate of the pump manufacturers of the capacity of the pumps, 
and the amount of power necessary to supply the desired amount of 
water under conditions which we approximated very closely. It was 
found that the pumps and power had to be perfect to equal the esti- 
mate, but one well out of the seven being made to yield the amount de- 
sired. This, however, was enough to show that it was more a question 
of power and pumps than of supply of water in the ground. One other 
well was taxed to its full limit, but was handicapped by being one of 
three wells within a space of ioo feet across the supposed line of sub- 
terranean flow, the other four wells having been allotted 200 feet each. 
This well was also cased off deeper than any of the others except one, 
being thus deprived of the flow of ground water except that between 
75 and 114 feet; this well had ample power and pump while the pump 
worked. The pump did not, however, work more than half the time, 
thus reducing the average output of the wells. The well fifty feet north 
of this, and the center well of the three that were within the space of 
100 feet, was operated continuously during the experiment and taxed 
the capacity of the engine which operated its pump. Undoubtedly 
these three wells within the limited space, and near the center of the 
whole line of wells, taxed the ground supply more than at other points 
and thus caused a deeper depression of the ground waters at this point, 
and a consequent overtaxing of the power of the pumping machinery. 
It is safe, however, to estimate that these three wells yielded from within 
a space of 100 feet across the line of flow, one-third of the water pumped 
from the seven wells. As the ground water to the north and south of 
this group of three wells was presumably drained by the other pumps 
to such an extent that this group could not have had an advantage, but 
rather a disadvantage of location, it is safe to presume that, if the space 
of 900 feet, which was occupied by the seven wells, had been occupied 
by nineteen wells fifty feet apart, there would have been an increased 
yield of the water whose total volume would be expressed by figures 
somewhere between the total actually pumped and about double that 
amount, without depressing the water level at the line of wells mater- 
ially. 

With the exception of the conditions as to the group of wells just 
noted, and which were known as Nos. 4, 5 and 6, the other conditions 
were about the same, excepting that No. 3 was a deep well, being bored 
to a depth of 189 feet from the surface and cased off to a depth of 165 
feet, tljus causing the supply of water to be drawn wholly from the deep 
strata. The other wells were cased from 45 to 65 feet, and this was 
cased deeper in order to permit of samples being drawn from 
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deep and shallow wells while yielding water simultaneously, 
thus determining the difference in quality between the two 
depths of water. Casing off so much of the well limited 
the number of water-bearing strata to feed this well, the 
same as it did in the one mentioned above, and also increased the fric- 
tion by causing the water to flow through the long tubing, but this also 
acted to keep the flow in the well active, so as to cause a continual 
pumping of sand and a consequent improvement of the well all the 
time it was pumped. The result was that this well yielded more at the 
end than at the beginning of the test. The disadvantages as to quan- 
tity were more than offset by the advantages of determining the qual- 
ity and the fact that the deep strata will afford a quantity of water, for 
this well yielded approximately its share at the end of the experiment 
regardless of being dependent on but one stratum of water-bearing 
sand. The analysis as reported by your Committee on Purity shows 
that this water is good, though containing two grains to the gallon 
more of inorganic matter than the other water. If it should be consid- 
ered that the advantage, whether sentimental or otherwise, of obtain- 
ing deep water more than offsets the disadvantage of the extra two 
grains of unobjectionable salts, then this demonstration might be 
enough to warrant casing off permanent wells to a depth of 150 feet 
and making the attempt to get volume from the deep strata. Should 
this be proven to be impossible, the casing could be punctured to admit 
water from the upper strata and very little lost in the attempt. 

The test was made under the theory that there was communication 
between the different strata, and no attempt was made to shut off the 
upper waters perfectly. It was expected that the ground water near 
the surface would be affected in the immediate vicinity of the wells. 
Test wells were bored and private wells availed of to determine by fre- 
quent measurements the actual effect on these wells. Mr. Hering's re- 
port, which was the basis of our operations, indicated that wells would 
possibly be affected at a distance of a mile or two east of the pumps 
within three days. The wells that were affected began to be affected the 
first day, but the limit of the distance at which the affect was appre- 
ciable was about 2000 feet ; at 2500 feet the affect was hardly appreciable. 
In other words, six days' pumping did not affect wells that were over 
half a mile away. The affect being greatest the first day or two, it is 
reasonable to conclude that the supply which was drawn from waters near 
the surface in the immediate neighborhood was exhausted during the 
first few days, and the supply to the wells was through the deep 'strata 
of loose sand which strata were tapped by the wells. Any of the upper 
ground waters which reached the pumps thereafter had to do so by 
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filtering through nearly half a mile of compact ground, besides sinking 
to a depth of twenty-five feet, which was the level of the water in the 
ground at the line of wells on the sixth day, the ground above this be- 
ing at that time drained by previous pumping. The fact that the affect 
on the ground waters was slower than anticipated indicated a close . 
rather than a loose formation of the ground, and the area of material de- 
pression indicates the amount of ground that it would be advisable for 
the city to control to have almost absolute protection. 

The pumping plant was installed on the basis of the estimates of 
the pump manufacturers for raising 10,000,000 gallons forty feet every 
twenty-four hours, and with the expectation of raising about 7,000,000 
gallons, as is probably the maximum now used by the city in a day. 
The inability of the average threshing engine to develop twenty horse 
power, the excessive casing of the two wells as noted above, but mostly 
the seeming impossibility of keeping the pumps properly packed while 
operating under a strain of deep suction, limited the output at any time 
to five and one-half or six million gallons at most. This was the first 
day, when the water levels were not as much depressed as latterly, and 
estimates are made from measurements at the 'main measuring box the 
first day as compared with measurements at the same box which were 
made afterwards and estimated by Mr. Le Conte at four and a half and 
five million gallons per day. Mr. Le Conte was not here after the fourth 
day, but his measurements on the last day he was here showed a flow of 
5,000,000 gallons, demonstrating that there was practically a constant 
flow after the upper ground waters were drained off. 

The water was all run through one box and estimates of the quan- 
tity pumped were made by Mr. Le Conte. There were also rough 
measuring boxes at each of the wells to get at the comparative results. 

The pumping was started January 31, 1899, but was discontinued on 
the third day because of a storm. It was resumed at noon, January 
10, 1900, and continued until 3 150 p. m. of January 16th, or a little over 
six days. Observations were made frequently as to the effect of the 
pumping on the ground waters to the east, for the first few hours of 
pumping and likewise for the first few hours after stopping. Later ob- 
servations were taken at regular intervals. Observations were also 
taken of water in the neighborhood. The principal observations were 
taken at the line of the wells, at 440, 880, 1 500 and 2500 feet to the east 
of the center line of wells. 

The affect at the wells was nearly at the maxim the first day, and 
at 2500 feet there were three wells some of which did not show any af- 
fect and in none was there any appreciable affect. The following table 
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will show how much the water was lowered in each test well on the dif- 
ferent days : 

Well 440 feet east — First day, 66 inches; second day, 10 inches; 
third day, 8£ inches ; fourth day, 9 inches ; fifth day, 5 inches ; sixth day, 
1 inch. Well 880 feet east— First day, 15 inches; second day, 8 inches; 
third day, 7 inches ; fourth day, 5 inches ; fifth day, 5 inches ; sixth day, 
5 inches. Well 1500 feet east — First day, 16 inches; second day, 4 
inches ; third day, 3 inches ; fourth day, 2\ inches ; fifth day, 2\ inches ; 
sixth day, 2\ inches. 

There was no fall in water in the wells a mile to the east The total 
fall for the six days was 13 feet at the line of the wells; 8£ feet, 440 feet 
to the east; 3^ feet, 880 feet to the east; and 2\ feet, 1500 feet to the 
east. A well 200 feet to the south of the pumped wells fell about as rap- 
idly as the well 880 feet to the east. A well about 200O feet to the south- 
east fell a total of one foot. The depressions were seemingly greatest 
in the supposed line of flow, and reasoning inversely, the line of flow 
would have been from a point a little to the south of east. 

Having been notified of the time fixed for an injunction to be 
served, and feeling that the water in the test wells would not be brought 
to a standstill by that time, we conceived the idea that it would be well 
to ease off on the pumping and be sure of 4,000,000 gallons per diem 
rather than be in doubt of 4,500,000, as we supposed we were pumping, 
or 5,000,000, as actual computation by Mr. Le Conte determined for us 
afterwards. With this end in view, we had the pump on Well No. 3 
stopped on the morning of the last day. We were aided in this idea by 
the accidental breaking down for a short time earlier that morning of 
the engine at Well No. 7, so that there was one well less being operated 
for about the last twelve hours. Some of the other wells seemed to be 
yielding rather more than usual the last day, and, considering that be- 
tween repairs to engines and pumps the average was only about five 
and a half or six pumps running on previous days, the diminution on 
the last day was probably not as much as necessary to produce the ef- 
fect desired, but it was enough to show that the water in the 440 foot 
well actually rose for a period, fluctuating, however, so that the total 
affect from 5 p. m. of the night of the 15th until the pumps stopped at 
3 150 p. m. of the 16th, was a raise of about a tenth of an inch, while 
the total decline for the twenty-four hours was about one inch. This 
means the water in this well was practically at a standstill. That the 
water in the well 880 feet to the east was not affected this way can be 
explained by the fact that even when the pumps were all stopped there 
was no affect on this well for several hours, and only three inches for 
the first eighteen hours. For the first half hour after the pumping was 



— 21 — 

stopped, measurements were made every five minutes in Well No. 3 and 
in the test wells 440 and 880 feet to the east. Thereafter measurements 
were taken at intervals for four days.v The water rose very rapidly at 
the line of wells and at the 440 foot well ; it was so rapid at the line of 
wells that it was not long until the water here was practically at a level 
with that 440 feet to the east. This indicates that the supply came in 
faster from the underground channels and filled up the center of the 
depression rather from the wells than from the outer boundary of the 
basin. For the first few hours water was draining from the 880 foot dis- 
tance, so that this did not fill up at this point, but when it did begin to 
fill it filled about as rapidly as it did at the 440 foot point. 

Our committee preferred to leave the conclusion as to the indica- 
tion for permanent supply to the consulting engineers, and we have 
suggested only such thoughts on the subject as occurred to the com- 
mitteemen themselves as being helpful to each of you to draw your own 
conclusions from the data obtained. 

When Mr. Rudolph Hering was here last Fall he kindly offered 
to give us further information, if we should submit a report of the re- 
sults of our work. Accordingly we gave him a detailed description of 
the work of the committee in exploring for well water. Tabulated 
measurements of the affect on the water in the different wells were sent 
him so that he would be able to draw his own conclusions. We quote 
as follows from a letter just received from him : 

"I am delighted to read that the experiments which you made have 
proven both that the ground water is of good quality, and also that 
there is at least a sufficient quantity available to justify the building of 
new works for a supply of filtered water southeast of the city. The re- 
sults are satisfactory, although it was unfortunate that pumping could 
not have been continued a day or two longer. Nevertheless, the results 
have proved to my satisfaction that there is enough water available to 
justify the erection of a station. It appears, from Mr. Le Conte's let- 
ter, that you will certainly get a large supply by extending your pipe 
line, and also deepening the plane from which the water is drawn up. 
It is, therefore, likely that you will have enough water to Supply the 
city at the present time. There is, however, apparently a close margin, 
and it may, therefore, not be far off when you will also have to filter 
some of the river water to supply the deficiency." 

The matter of the quality of the water has been left wholly to the 
Committee on Purity, to which committee we explained the difference 
in. depths and conditions of the wells. 

The cost of the experiment, including preliminary surveys, super- 
intendency, services of Mr. Le Conte and option on land was about 
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$6400. All left-over tools, belting, etc., have been turned over to the 
city and stored in the Corporation warehouse. 

The total time the pumps were operated was nine and one-half 
days, of which six were consecutive. 

We estimate that a system of wells, duplicate pumping plant, con- 
sisting of two 10,000,000 gallon pumps and boilers properly housed, suf- 
ficient land and thirty-inch pipe to connect with the proposed city mains 
at Thirty-first and P Streets, would cost between $200,000 and $225,000. 
Should a site be chosen farther out, there would be an additional ex- 
pense for pipe dependent upon the additional distance from the city. 

These figures are intended to be approximate only, but are consid- 
ered by us sufficient for comparison with other plans. Detailed plans 
would be expensive and will hardly be necessary unless the judgment 
of your committee is that the system of a water supply from wells seems 
preferable to other proposed systems. Respectfully submitted, 

A. MEISTER (Chairman). 

D. McKAY. 

DOUGLAS A. LINDLEY, 

HERMAN H. GRAU. 

LEWELLYN TOZER. 

Committer on Wells. 



Report of L. J. LeConte on East Side Wells. 

SAN FRANCISCO, Cal., January 29, 1900. 

Mr. A. Meister, Chairman Committee on Wells, Citizens' Water 
Committee, Sacramento, Cal. — Dear Sir : In compliance with your re- 
quest, I have now the honor to submit the following brief report on the 
final results obtained during the recent pumping tests, made under your 
directions, to determine the capacity of a series of wells, Nos. 1, 2, 3, 4, 
5, 6 and 7, situated near the corner of Rose and Sacramento Avenues, 
in your city. 

The test for capacity began on the 10th inst. at noon and was com- 
pleted on the 16th inst., at 3 150 p. m., at which time operations were 
brought to an end by injunction. The pumps were operated day and 
night continuously, with few minor interruptions. 

The following is a list of the wells tested for capacity : 

No. 1 — 8J inches diameter, 190 feet deep, cased 52 feet. 

No. 2 — 10 inches diameter, 130 feet deep, cased 46 feet. 

No. 3 — 10 inches diameter, 190 feet deep, cased 160 feet. 
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No. 4 — 10 inches diameter, 114 feet deep, cased 46 feet. 
No. 5 — 10 inches diameter, 114 feet deep, cased 46 feet. 
No. 6 — 10 inches diameter, 130 feet deep, cased 46 feet. 
No. 7 — 10 inches diameter, 130 feet deep, cased 46 feet. 

PUMPS. — The seven pumps used were ordinary centrifugal types 
set down low in pits, only twelve feet deep and practically at the existing 
level of the ground water. The pumps comprised : 

Two 8hinch diameter discharge. 

One 10-inch diameter discharge. 

Four 7-inch diameter discharge. 

They were driven by a proper system of belting leading up to or- 
dinary portable engines of fifteen to twenty horse power each, except 
in the case of Well No. 4, where the 10-inch pump was propelled by 
two such engines. 

The discharge pipes from the pumps were set vertically and 
emptied into a flume, the water column being forced up a distance of 
about fourteen feet to the outfall. The suction-head or lift increased 
with continued pumping and at the close of operations attained the de- 
pression of 22 to 28 feet below the ears of the pumps. 

GROUND WATER DEPRESSIONS. 

In all water supply testing operations of this character the great 
physical feature to watch with close attention is the ground water de- 
pressions due to a given draft of water at the pumps. The depression 
of the water level within the well-casings being a matter of little mo- 
ment because it is very largely under your control. Two test wells were 
bored with the view of noting carefully the "drop" of the ground waters 
as pumping operations continued. No. 1 was 128 feet deep, distant 440 
feet easterly, and No. 2 was 50 feet deep and distant 880 feet easterly 
from the line of the wells. In addition there were many private wells, 
situated to the eastward, which furnished good, reliable data bearing 
upon the affect of pumping on the level of ground waters at these sites. 

The final results obtained at the close of operations may be sum- 
marized about as follows : 

DEPRESSION OF GROUND WATER. 

Below Original Level. 

At the line of wells 13 feet 

Test Well No. 1, 440 feet distant 8.5 feet 

Test Well No. 2, 880 feet distant 3.6 feet 

Private wells, 2000 feet distant 0.25 feet 
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Private wells, 2500 feet distant 0.16 feet 

Private wells, one mile distant Nothing 

The original level of the ground water was twelve feet below the 
surface of the ground. 

It is important as well as interesting to note the fact that the axial 
line of the depression, as a whole, has a general direction bearing nearly 
east southeast from the pumps. This fact, together with the further 
fact that the present mid- Winter temperature of the ground waters is 
from 65 to 67 degrees Fahrenheit, would seem to. settle the mooted 
question conclusively that the ground waters discharged from the 
pumps are not derived from the American River sipage. 

At the beginning of operations it was the settled purpose to con- 
tinue pumping until the ground water stopped falling, or came to a 
steady stand. From my own observations, taken between the nth and 
the 14th insts., inclusive, supplemented by Mr. D. A. Lindley's records, 
including the 15th and 16th insts., I am satisfied that the ground waters 
were at a stand from 5 p. m. of the 15th to 3 :50 p. m. of the 16th inst., 
the draft of the pumps during this period of time being at the rate of 
4,500,000 gallons per day and six wells going steadily. This quantity is 
the minimum supply during the last stand of the ground water, indeed, 
there are some indications of a rise in some of the wells due to the stop- 
ping of one of the pumps. 

Previous to this stage of operations the draft of the pumps was 
considerably more than this, notably all day of the 14th inst., when 
the measurements averaged fully 5,000,000 gallons per day. 

Judging from the above results and the very limited affects on the 
neighboring ground water, the writer is entirely satisfied that if the 
pumps had been set at a lower level, with suitable horse power, as sug- 
gested and recommended by your consulting engineer, Mr. Rudolph 
Hering, and myself, the final results in capacity of these wells would 
certainly have reached 7,000,000 gallons per day, without peradventure. 
I think the results are sufficient to enable you to determine the best 
policy to pursue as to future improvement in your water supply, which 
after all is the main object of the pumping tests, as I understand it. 

In conclusion I beg leave to congratulate you, Mr. Chairman, in 
particular, as well as the entire committee, on the encouraging results 
obtained during your pumping tests, and to express regret that the 
Court should have found it necessary to interrupt the operations, a 
matter which was entirely beyond your control. Respectfully sub- 
mitted. L. J. LE CONTE, C. E., 

M. A. M. Soc. C. E. 
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Final Report of Committee on Wells. 

SACRAMENTO, Cal., January 29, 1900. 

To the Citizens' Water Investigation' Committee of the City of Sac- 
ramento — Gentlemen : Your Committee on Wells has heretofore sub- 
mitted detailed reports of its actions and investigations. In them you 
have a record of results obtained and phenomena observed as our work 
progressed. We refer especially to the report of the test of wells on 
the Kellogg place one mile southeast of Sacramento. That report dealt 
as nearly as was practicable in a statement of the facts of the case as 
we observed them. We now submit this final report, which will em- 
brace such conclusions as we have drawn from our observations so far 
as those conclusions relate to an available supply of water for Sacra- 
mento City. The recommendations we make are conditional upon the 
well system being adopted as a partial or exclusive source of supply. 

Our first work was that of a survey of the levels of the surface oi 
the water in existing wells located east of Sacramento and out as far 
as Brighton or Perkins Station. We found that there was a slope to the 
plane of water levels of over four feet to the mile. The direction of this 
slope was a little south of west. For all practical purposes it can be 
said to slope in a direction parallel to the American River. In other 
words, the plane of the underground water levels slopes from the direc- 
tion of the mountains east of Sacramento to the trough of the Sacra- 
mento Valley, namely, the channel of the Sacramento River. 

This is indisputable evidence of a flow, or at least a percolation, of 
water through the ground from the mountains toward the river. 

If a vertical cut could be made at a point such as Brighton, two 
miles to the east of Sacramento, and all the land west of that cut 
could be removed to a depth of 150 feet, thus producing the effect of a 
cliff or hill at Brighton, there would result at the first moment of the 
change a condition often seen in the mountains and commonly de- 
scribed as springs. Those who are familiar with the ground waters of 
this section can easily imagine how the water would ooze out of the 
face of this cliff at all points below a depth of about fifteen feet from 
its crest. Wherever the vertical cut mentioned had exposed strata of 
sand or gravel there would be springs indeed. 

After the first moment, as the water came out and ran off, the up- 
per water bearing strata of the cliff would be drained and the springs 
would diminish until only those were left which would be below a cer- 
tain line where an equilibrium would be established between the force 
of the flow of the volume of water and the resistance to that flow of the 
water bearing sand strata. 
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Without pretending to accuracy, but simply as an illustration 
based upon the quantity of water we pumped at the Kellogg place, we 
can illustrate the effect by stating that, if this cut were made for a dis- 
tance of 900 feet north and south and a canal that wide was extended 
down to Sacramento, the springs would emit a flow of 5,000,000 gallons 
a day, and would all be below thirty feet from the face of the cliff, and 
either in the lower face of the cliff or in the bottom of the cut. The 
water developed would flow toward Sacramento, where it could be 
pumped up into the river and flow on toward the ocean, the same as 
would probably have been its destination had it been allowed to pursue its 
natural course. 

We have illustrated the subterranean flow in this way to relieve 
the subject of any prejudice that may exist against well water obtained 
from a district where the plane of water levels would be horizontal and 
the subterranean supply more in the nature of that from a lake. There 
should be less prejudice against water which resembles that from 
springs, or when taken from a flowing supply. 

It is well known that where rivers dry up, the flow under the bed 
of the river or adjoining lands continues. It is, therefore, evident that 
where the rivers have a perpetual flow, that of the ground waters will 
be perpetual also. The question is as to quantity, and it was the aim 
of the committee to make the test for quantity at the end of a very dry 
season, which was the second of that kind, and, as it happened, at the 
end of the longest dry spell on record hereabouts. 

It having been demonstrated that there was a flow of water 
through the sand, gravel or cobbles underlying the surface of the 
ground east of Sacramento, and it being evident from the annual rain- 
fall on the water shed which would feed the underground channels, 
that there was a large quantity of water flowing through the ground, 
the matter in which we were most interested was how much of that 
flow we could intercept within an area limited enough to render the 
work practicable. 

In a system of wells this area would be that of a vertical section 
across the line of flow for such a distance as we could afford to extend 
the wells and to such a depth as would cause the supply to be great 
enough without the necessity of lowering the plane of the ground 
waters to such a depth as would render pumping too expensive, or the 
depression so great as to drain too large a territory. 

We found that seven wells extending 900 feet across the supposed 
line of flow yielded about 5,000,000 gallons of water a day after having 
been pumped continuously at that rate for five days. A relaxation of 
the pumping to any appreciable extent such as a half million gallons on 
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the sixth day caused the water to rise in the, ground at the line of the 
wells and at a point 440 feet to the east, where we located an observa- 
tion hole. 

This clearly demonstrated that the water was flowing into the de- 
pression so fast that any diminution of the rate of pumping caused the 
water in the basin or depression adjacent to the wells to rise and check 
the flow until a state of equilibrium was established between the inflow 
and the pumping. 

It is reasonable to estimate that, if we can obtain a supply of 
10,000,000 gallons per day at all, it can be obtained from a system of 
wells extending about three times the distance north and south of that 
taxed for 5,000,000 gallons. By increasing the number of wells within 
the 900 feet compassed in the test, we could have obtained more water, 
but the water plane under adjacent lands would have been lowered. 

Therefore, though we could have pumped more water out of the 
900 feet, it is more practicable for us to assume that we intercepted all 
the water flowing past that 900-foot section and for a small section to 
the north and south. Hence, we estimate that it would be advisable to 
control land for at least half a mile north and south, or, more specific- 
ally, in a direction directly across the line of flow or percolation. 

The width of the strip of land necessary should be determined from 
the area of material depression observed in our experiment. The point 
440 feet to the east at which was located our nearest observation hole, 
was apparently at about the border of this area. 

Beyond the next observation hole, which was a sixth of a mile to 
the east, the six days' pumping did not affect the slope of the plane of 
the ground water enough to materially hasten the flow of water 
through the ground and, therefore, could not alter the effect of any 
natural filtration or screening to which the water would be subject in 
its flow. We, therefore, consider the depression outside of that dis- 
tance practically immaterial. 

We conclude that a strip of land a third of a mile wide would serve 
all purposes. This would make the total acreage one hundred. Any- 
thing over that would be advisable simply because any error of over 
precaution in the matter of the acreage could be measured in dollars 
and cents expended for unnecessary lands. Such an error could be 
corrected either by putting the surplus land to some practical use or by 
disposing of it whenever time had demonstrated its superfluity. 

Fortunately, the section where there is the best prospect for a sub- 
terranean water supply is of little value for anything else at present, 
and a large tract could be obtained at small cost. The soil of this 
whole section is underlaid with hardpan of probable volcanic origin, 
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which is nearly impervious to water and so near the surface as to ren- 
der farming unprofitable. This same impervious stratum would be, in 
some measure, a protection from surface contamination of the ground 
waters. 

During our experiment the water on the surface and above the 
hardpan was not drained by the pumps, remaining during the whole 
six days within a stone's throw of the line of wells unaffected, while the 
ground waters underneath were affected from the first few minutes at 
the various observation holes 440 and 880 feet distant. 

The possibility of breaks in this hardpan renders it useless to count 
on it as a means of absolute protection from surface waters, but it cer- 
tainly tends to minimize the danger, which is not great at worst. It is 
well known that in this section of California it is only in exceptionally 
wet seasons, or in the low lands, that surface moisture penetrates deep 
enough to come in contact with or join the ground water, which would 
be depended upon for a supply from wells. The section southeast of 
Sacramento is particularly favorable in this respect, and it is to this 
feature we would look for safety from surface pollutions near the wells. 

For some distance surrounding the wells, the continuous pumping 
would lower the ground water levels and make it more difficult than 
ever for surface water to penetrate deep enough to connect with the 
ground water. In fact, any surface water would have to penetrate the 
soil twenty-five feet at the line of the wells, and at least twelve feet at a 
distance from the wells, the same as if it were penetrating a filter, and 
even more slowly. All water outside of the land controlled by the city 
would have to filter or percolate through at least a thousand feet of 
earth before reaching the wells. 

Rudolph Hering, in his letter to our committee, has said that the 
supply developed at the test was sufficient in quantity to warrant the 
erection of a pumping station. This was, of course, based on the suppo- 
sition that the supply would be permanent and of acceptable quality. To 
explain the justification for such an assertion, it will not be necessary 
to say any more than that the interest charges on the capital invested 
in the system of wells and pipe to connect them with the city, together 
with the extra cost of running a separate station for a 5,000,000 gallon 
supply, would not equal the interest charge on a 5,000,000 gallon filter 
plant and the cost of filtering. 

We will, therefore, base our recommendations on the theory that a 
minimum supply of at least 5,000,000 gallons can be obtained, and sug- 
gest that proposals for contractors for furnishing a well system be based 
upon the payment of the sum of $30,000, if the desired supply of 10,000,- 
000 gallons is not obtained but a supply of 5,000,000 gallons or more is 
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obtained. A sliding scale for each million gallons over 5,000,000 might 
be even better. In this way contractors would feel safe in bidding with 
a guarantee for a permanent supply and would add but little for hazard. 

We have reliable estimates of the cost of a system of twenty to 
thirty 12-inch wells extending over 2000 feet, and connected with a 
common sump by a concrete tunnel, or by a pipe laid thirty or forty feet 
under the surface. Estimates vary from $60,000 to $90,000, and, if the 
contractor were assured of getting a quarter or a third of the contract 
price upon his developing half the quantity of water, he could afford 
to bid lower and the city would at least get a remarkably cheap system 
of wells, if 5,000,000 gallons only were developed. 

We would suggest that a tract of 100 or 200 or more acres be ob- 
tained somewhere east of the location where we experimented or to the 
southeast of the city, and a system of twenty or thirty wells be estab- 
lished. These wells should be bored to a depth of from 125 to 200 feet, 
and cased with double casing about seventy-five feet with the inside 
casing extended to tap such strata between the seventy-five and 200 feet 
limits as may be deemed proper. 

These wells should be equidistant and cover a space between 1500 
and 2500 feet, and be connected by a tunnel thirty or forty feet below 
the surface, or by a large pipe laid at that depth. The contract might 
call for twenty wells in a space of 1500 feet with a proviso that, if they 
did not furnish a supply without lowering the water level more than 
twenty feet, the system should be extended by adding ten more wells, 
and extending an additional 1000 feet. It might even be that, if suf- 
ficient land is obtained, an auxiliary station with low service pump could 
be established. 

All these wells should.be connected with a sump suitable for re- 
ceiving the water and a pit suitable for a high duty pumping plant of 
two 10,000,000 gallon pumps. 

We estimate that sufficient land for a system of wells with guaran- 
teed supply of 10,000,000 gallons, a building, a thirty or thirty-six inch 
pipe such as has been proposed for the extension of our city mains and 
connecting therewith at Thirty-first and R Streets, and extending from 
a point not to exceed two miles from Thirty-first Street, could be had 
for $150,000. A system of independent wells with individual pumps run 
by electric motors, together with a stand pipe and reserve steam devel- 
oping electric plant, might be more economical because of local con- 
ditions. 

We have enumerated these items for comparison with any system of 
filtration at the site of our present Water Works. The water in the 
wells being approximately as available for pumping into the city as is 
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the water from the river, the same pumping machinery would be neces- 
sary in either case. If it happen that the plant for filtration should cost 
about the same, the saving in a well system would be the cost of oper- 
ating the filters. 

If it is not desirable to maintain a relief station at the present Water 
Works, the proceeds of the sale of the present buildings and contents 
and the value of the site proposed for filters could be deducted. Any 
estimates or suggestions we make should be submitted to a competent 
engineer and modified by him, as our committee has not gone to the 
expense of employing an engineer to make detailed plans. We deem 
our estimates and suggestions sufficient until the well system is settled 
on and the location selected. 

We" have not touched on quality, as the favorable report of the 
Committee on Analysis indicates that there can be no objection on that 
score. We might say, however, that the analysis indicates that we may 
have something even more desirable than river water. The absolute 
freedom of the well water from bacteria and organic matter must be 
weighed in the balance by you with the superior softness of the river 
water. 

We call your attention, though, to the fact that the well water de- 
veloped by our test is a soft water and not in the least objectionable on 
this score for drinking purposes. It is also good for manufacturing 
purposes. Anything that surpasses it must be exceptionally free from 
inorganic matter, whether in solution or in suspension. 

We do not consider the matter of the quantity available, as that 
will be eliminated, if contractors will put up proper bonds to insure the 
city against financial loss. Our estimates include a sum to be paid to 
contractors to compensate them for the risk. 

Our investigations have been confined to the section southeast of 
Sacramento. If, however, it is the desire of your committee to take 
cognizance of the preference of many citizens for river water filtered in 
nature, there is a field for investigation in the Sanborn well district, near 
the old Sacramento beet sugar factory. 

We feel, however, that the river factor in any such system would 
be more sentimental than otherwise, and that it would be, in fact, a well 
proposition pure and simple and subject to the findings of this report 
except that it would be less expensive to connect from that point with 
the present system of city mains. If necessary to have part filtered and 
part well water, the location would permit of filters and wells being lo- 
cated at a common point. 

As the estimates submitted above cover the land, wells and piping, 
together with proper foundations and housing for the pumps, the total 
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cost for a system of wells can be obtained by adding $90,000, making a 
total of $250,000 for a complete plant. The city would then be provided 
with a complete well system and have in reserve the present crude sys- 
tem, which would be very acceptable in case of an emergency. To this 
cost must be added the cost of an extension of our city mains, which 
would be necessary under any circumstances. Respectfully submitted, 

A. MEISTER (Chairman), 

D. McKAY, 

D. A. LINDLEY, 



Report of Committee on Mountain Supply. 

SACRAMENTO, Cal., November 22, 1900. 

To the Citizens' Water Investigation Committee of the City of 
Sacramento — Gentlemen : We, the undersigned Committee on Mount- 
ain Supply other than American River, report that we have been unable 
to find any suitable supply of mountain water which could be piped to 
Sacramento at a satisfactory cost. Any sources of supply that have 
come to our attention would require many miles of pipe and an expendi- 
ture of millions of dollars, thus rendering them entirely out of the reach 
of Sacramento. Respectfully submitted, 

D. A. LINDLEY (Chairman), 
THOMAS B. HALL, 
HOWARD STILLMAN, 

Committee on Mountain Supply. 



Preliminary Report of Committee on Sacramento River. 

SACRAMENTO, CaJ., March 5, 1900. 

To the Chairman of the Citizens' Water Committee : Your sub- 
Committee on Sacramento River Water as a source of supply for the 
City of Sacramento respectfully reports : 

SOURCE. 

The source of the Sacramento River is well known ; it is direct, open 
and subject to no entanglements, either public or private, therefore it 
is beyond dispute a safe source of supply for the present or future needs 
or requirements of the City of Sacramento, and the quantity and con- 
tinuity of flow are unfailing. 
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QUALITY. 

While the quality of Sacramento River water in its natural state 
is soft, pure, clear and wholesome — in fact, an ideal water for domestic 
uses and manufacturing purposes — in its present contaminated con- 
dition, to say the least, it is unsightly, unpalatable and seriously objec- 
tionable for either domestic use or manufacturing purposes. 

This being true, the first question to be considered is, can this river 
water be delivered to the people of the City of Sacramento in a clear 
and pure condition? Although our work has necessarily been confined 
to observation, inquiry and the reading of published reports, we firmly 
believe the Sacramento River water can be rendered pure, clear and 
wholesome by the use of sand filtration. 

. METHODS. 

Sand filtration may be divided into two classes — "artificial" and 
"mechanical." The former requiring a large area for sedimentation res- 
ervoirs and sand filtration beds, is altogether unsuited to the conditions 
existing on the Sacramento River, therefore we shall confine this report 
to investigations along the line of "mechanical" sand filtration of the 
gravity type. 

RESULTS. 

There is little doubt about the efficiency and success of mehanical 
filtration when properly installed. Reports from all cities where filtered 
water is used show a material reduction, if not a complete eradication 
of all typhoid or other fever cases. 

A committee appointed by the Board of Trustees of this city, con- 
sisting of members of the Board of Health and Board of Trustees, to 
investigate the typhoid epidemic, took up the question of water supply 
for the city, and in its report filed August 8, 1898, many cities using 
filtered water were cited, showing the great benefits received from fil- 
tration, and in concluding the report the committee made use of the 
following language : 

"To avoid future epidemics of typhoid, Sacramento must profit br 
the experience of other cities, and protect her water supply. Deep wells 
properly protected will insure the city against epidemics of water-borne 
diseases, and proper filtration of the river water will afford the same 
protection." 

From tests made of Sacramento River water by mechanical filtra- 
tion under the direction of the Board of Trustees of this city during the 
months of February and March, 1899, when a Jewell filter was used, 
having a capacity of 40,000 gallons in twenty-four hours, alum being em- 
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ployed as a coagulant, it was found that the water in its worst stages 
was made clear, bright and sparkling, and almost pure. 

During the experiments with the filter, tests for disease germs in 
the filtered water were made by Doctors Power and Henderson, show- 
ing that nearly 99 per cent of all the germs contained in the water had 
been removed by the filter. 

Mr. Howard Stillman, at the request of the Board of Trustees, 
made an analysis of this filtered water for the purpose of determining 
whether it contained alum, and his report shows that no alum could be 
found, while the water was free from all suspended matter, and perfectly 
clear. For the purpose of showing the condition of the river water be- 
fore and after filtration, we refer to the report of Mr. Howard Stillman 
under date of March 6, 1899, on n ^ e m tne office of the City Clerk. 

Dr. T. W. Huntington, formerly of this city, after a thorough ex- 
amination and careful study of the question of the Sacramento River 
water as a supply for the city, in a paper read before the Critic Club of 
this city, on June 19, 1898, said : "In theory and in practice, by experi- 
ment and experience, the soundness of the doctrine of artificial water 
purification seems to be established beyond peradventure. It is needless 
to discuss the advantage of purified water for mechanical arts and man- 
ufacturing purposes. Its absolute faultlessness in this relation is self- 
evident, and that through the agency of efficient filtration the river 
source may be rendered perfectly safe, so far as the organic matter and 
specific infection is concerned, that chemically its standard is almost 
perfect and that the objections to this source must be laid upon senti- 
mental grounds." 

After the most exhaustive tests and experiments, Louisville, Ken- 
tucky, has adopted a plan of mechanical filtration, together with a sys- 
tem of sedimentation for the purification of the water of the Ohio River 
for the use of the city. The Ohio River at times is said to be very tur- 
bid, besides being quite filthy, for the reason that many cities and towns 
situated on the river above Louisville, sewer directly into the stream ; 
yet the filtered water shows a condition of purity not exceeded by water 
supplies of other cities. 

SEDIMENTATION. 

The experience of cities similarly situated to Sacramento shows 
that water as muddy as that of the Sacramento River should be settled 
before it is filtered. By first settling the water the heavier particles are 
gotten out of the way ; the filters are thus relieved ; less filtering surface 
is required ; the cost of operation reduced, and better results obtained. 

Sacramento River water is quite easily filtered, and so far as the 
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removal of bacteria is concerned, better results are secured than with 
water carrying less suspended matter. 

The tests made here of mechanical filtration during the months 
of February and March, 1899, showed that when very muddy water 
was brought directly to the filter a much larger quantity of alum was 
necessary to obtain a bright and sparkling effluent than when the water 
was first allowed one and one half hours to settle. When the water at its 
worst stage was filtered without sedimentation, one and one fourth 
grains of alum to a gallon of raw water was necessary, while after sedi- 
mentation the amount required was much less, at times only one-eighth 
of a grain to a gallon of raw water, to obtain the same results. 

USE OF ALUM. 

The use of a coagulant is mandatory in the filtration of the water 
of the Sacramento. Coagulants not only clarify, but purify waters. The 
quantity of alum that can safely be employed as a coagulant, and its 
action, being fully set forth in the report of the Filtration Commission 
of Pittsburg, we beg to quote therefrom : 

"The quantity of sulphate of alumina (alum) that can be used is 
dependent upon the amount of lime in the raw water. When sulphate of 
alumina is added to water, it is decomposed, with the formation of 
alumina, which forms a flocculent precipitate, upon which its purifying 
action depends, and sulphuric acid which combines with the calcium car- 
bonate or lime present in the raw water. There should always be an ex- 
cess of lime in the water. If, however, for any reason there is not, there 
is nothing to combine with the sulphuric acid, and decomposition of the 
sulphate of alumina is not complete, and a portion of it goes undecom- 
posed into the effluent. The effluent then has an acid reaction, and is 
unfit for domestic water supply. When distributed through iron pipes, 
it attacks the iron, rusting the pipes and giving rise to all the disagree- 
able consequences of an iron-containing water. The amount of lime in 
the water at any time available to combine with the sulphuric acid can 
be determined by a very simple chemical operation, and has been so de- 
termined at frequent intervals during the course of our experiments. 
The amount of sulphate of alumina corresponding to a given quantity of 
lime can be readily and accurately calculated, but it is not regarded safe 
to use as much sulphate of alumina as corresponds to the lime. The 
quantity of sulphate of alumina used is not susceptible to exact control, 
but fluctuates somewhat, and if the exact theoretical quantity should be 
employed during twenty-four hours, there would surely be an excess 
during some portion of that time, from which bad results would be ex- 
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perienced. It is therefore considered only prudent to use three-fourths 
as much sulphate of alumina as corresponds to the lime in the water." 

Thus it will be seen that alum can safely be used as a coagulant in 
connection with mechanical filtration of Sacramento River water, up 
to an amount that will correspond to three-fourths of the lime con- 
tained in the raw water, as this quantity will be decomposed by combin- 
ing with the lime, and be precipitated as a gelatinous mass upon the sur- 
face of the sandbed, there to restrain all organic matter and other im- 
purities in the water. When the filter becomes clogged, cleansing of the 
sandbed will be necessary, when the precipitate and all sedimentary mat- 
ter may be washed away into the sewer. 

LOCATION OF THE FILTER PLANT. 

The property owned by the city, known as the "O^d Water Works" 
and where the Police Station, Court and Jail are now located, which 
property adjoins the city's present Water Works, shows a ground space 
sufficient in size, by the purchase of an additional strip of land to the 
north, 28.52 feet wide by 125.7 feet long, upon which could be erected 
a gravity filter plant and settling basin of ample capacity to furnish 
filtered water to the amount of 12,000,000 gallons in twenty-four hours, 
or about twice the quantity of water now used by the city. 

The present pumping station would not be disturbed, but the old 
Water. Works building would have to be torn down and removed, neces- 
sitating the providing of other and more suitable quarters for the Po- 
lice Station, Court and Jail. 

GENERAL PLAN. 

The plans for the filter plant herewith submitted were kindly fur- 
nished by the O. H. Jewell Filter Company of Chicago, without cost, 
and at the special request of your committee, who acknowledge that 
they were the recipients of much valuable information about the general 
plan of constrution, cost of installing, cost of operation, maintenance, 
etc., of the filter plant. 

It will be seen that the plans submitted were especially designed to 
fit in, as it were, with the present city Water Works, and become a part 
thereof ; and if adopted and installed, would provide a complete pump- 
ing, filtering and distributing plant, capable of supplying clear, pure and 
soft water, in quantities sufficient not only for the city's present needs, 
but calculated to take care of a large future increased demand. 

Filters known as the "gravity type" are made in what is called 
"units." That is, each filter is complete within itself. The plans submit- 
ted show ten of these "units," grouped and connected and combined, 
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will have a filtering capacity of 12,000,000 gallons in twenty-four hours. 
Each unit will be twenty-four feet in diameter, located in a building of 
suitable size, and will be placed about ten feet above sidewalk level. 
Under the filters will be a clear water reservoir, made of concrete, with 
a capacity of nearly a million gallons. This clear water reservoir will 
be constructed in a system of canals, so that no water can remain still 
and become dead or flat. From this clear water reservoir the present 
city pumps will draw water, in place of from the river, as now. On the 
west side of the filter house will be placed two settling basins. These 
tanks or basins will be constructed of steel, rectangular in form, and 
will be eight feet deep. They will contain about 500,000 gallons of raw 
water, and will allow an hour and a quarter for chemical reaction and 
subsidence before the water reaches the filter, when filtering at the rate 
of 10,000,000 gallons in twenty-four hours. 

The present city pumps will not be disconnected from the present 
suction pipe, but a gate will be placed in the suction pipe so that in case 
the low service pump serving the filter should for any reason become dis- 
abled one of the city pumps now in use could be started and no delay 
suffered. 

The entire system will be connected in such a way as to provide a 
double system, thereby reducing the chance for interruption through 
accident or otherwise to the minimum. The clear water reservoir, hold- 
ing, as it will, nearly a million gallons, gives a reserve sufficient in quan- 
tity to provide against a lack of water in case of severe conflagration. 

The plant being located at one central point, the City Engineer 
would have the entire plant under his supervision and control. 

The raw river water will be pumped directly into the settling 
basins. For this purpose a low service pump, one of 10,000,000 gallon 
capacity, will be required. This pump should be operated by electricity, 
but to guard against accident provision should be made to operate it by 
steam also. 

The water in the settling basins will, through gravity, find its way 
to the filter, and after purification, pass on and into the clear water 
reservoir below, and from there be pumped into the city mains. 

CONSTRUCTION. 

The filter tanks will be constructed of the best steel. The entire 
plant will be automatic, requiring no special skill to operate it. Any 
intelligent laborer can soon learn to operate and care for any part of 
the filter plant. The filter beds, which will be four feet thick, will be 
composed of crushed white quartz or silica sand uniformly sized. The 
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filters are arranged so that the filter bed can be thoroughly washed and 
made as good as new. It requires about thirty minutes to wash a 
twenty-four foot filter bed, which is done by forcing pure clear water 
through the reverse way, thus removing from the filter bed all impurities 
and sedimentary matter, and carrying it off into the sewer. Each filter 
is fitted with a system of rakes, or agitators, which penetrate into the 
sand bed, and being forced to revolve, break up the bed, enabling 
thereby the thorough washing of every part. The sand is not wasted in 
washing to any extent, the overflow being constructed in such a way 
that only the impurities in the water pass over, and the sand settles 
back to its bed. 

The clear water reservoir will be enclosed so that the filtered 
water will not in any way be subjected to atmospheric or other contam- 
ination while passing from the filter to the city mains. 

The movable or working parts. of the filter will not be in operation 
for more than half an hour each day, and being well constructed, and 
there being no great strain on the parts when in action, there will be 
little breakage or repairs. 

The filter being in "units," should one of them at any time get out 
of order, the others will in no way be affected or interfered with ; there- 
fore, under no circumstances can there be a shortage of supply on this 
account. 

DOUBLE PUMPING. 

The low service pump will handle the muddy water from the river, 
and deliver it into the settling basins, while the high pressure pumps will 
take the clear filtered water from the reservoir and force it into the city 
mains. The wear and tear to the high pressure pumps will be reduced 
to the minimum, by reason of having to handle only clear water, and 
their efficiency will be increased, as they practically will have no suc- 
tion left, and the mains will be free from mud or sediment, consequently 
there will be less friction. 

At the lowest stage of the river the low service pumps will have to 
operate against a head of about thirty feet. The expenses of raising the 
water to this hight, however, is not all chargeable to the filter plant. The 
settling tanks are eleven feet above the level of the sidewalk, and al- 
lowing three feet for friction in the pipes the cost of raising the water 
fourteen feet would be the proper charge against the filter plant. As- 
suming that 10,000,000 gallons of water are pumped daily, the cost of 
raising water fourteen feet, with coal costing $6 per ton, is estimated at 
$1 .40 per million gallons. 
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CITY WATER WORKS. 

The present city Water Works will not be disturbed by the instal- 
lation of the filter plant, but the efficiency of the works should be aug- 
mented by the purchase of a 10,000,000 gallon high service triple expan- 
sion pump, and by the increase of boiler capacity. 

By the installation of a filter plant on the lines of the plans here- 
with submitted, and by the purchase and installation of a new pump 
and additional boilers, the city would be possessed of Water Works un- 
surpassed in point of completeness and efficiency by that of any other 
city. 

MAINTENANCE. 

With machinery handling 10,000,000 gallons of water in twenty- 
four hours, the estimate for raising 1,000,000 gallons fourteen feet, 
we think, is liberal, and with electricity the cost should be less. 

It is calculated that sixty-five pounds of alum will be sufficient, on 
an average, to cause the perfect chemical reaction of 1,000,000 gal- 
lons of raw water. 

As it will require constant and careful attendance to properly care 
for and operate the filter plant, the services of three intelligent laborers 
will be required. 

The cost of maintaining the filter plant is therefore made up of the 
following items, and the estimates are on the basis of 1,000,000 gallons 
of filtered water : 

Pumping 10,000,000 gallons of water fourteen 

feet high, with coal at $6 per ton $1 40 

Fuel for pumping clear water to wash filter 

beds 25 

Coagulant, one-half grain of alumina per gal- 
lon of raw water, at 2.\z per lb 1 45 

Three attendants, eight-hour shifts, at $2 50 

per day 75 

Repairs, waste and lubricants 25 

Cost of filtered water for washing filter beds. . 15 



Total cost of filtering 1,000,000 gallons. . . .$4 25 

Per 1 ,000,000 Gallons. 

The life of the mechanical parts of the filter should be estimated 
and the cost of replacing same calculated, as a part of the maintenance. 
However, as any estimates we might make to cover the cost of renewal, 
would not appear in the general running expense account of the filter 
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plant, we make no estimates, but refer to this matter that it may be 
taken into account when making comparison with any other water prop- 
osition that may be considered by the General Committee. 

The item of interest in the valuation of the plant should also be cal- 
culated and be taken into consideration for the same purpose. 

COST. 

The representative of the O. H. Jewell Filter Co. has furnished 
your committee with the following, giving the estimate of cost of the 
filter plant : "The question of cost for a filter plant of sufficient capac- 
ity to furnish bright, sparkling and pure water, and according to the 
plans submitted, which represents a plant of 12,000,000 gallons in 
twenty-four hours, is one that can be given, based only upon the cost 
of labor and material at the time such estimates are made, and must 
necessarily be subject to market changes. The estimated cost of this 
plant, made upon market values at the present time, which are at least 
50 per cent higher than one year ago, and made by competent engineers 
and builders, is given herewith. These estimates are liberal and can 
doubtless be reduced when subject to actual figures and bids. 

"The filter house will be 66 feet wide by 189 feet long, as shown 
by drawings 5454, 5455, 5456 and 5457. In connection, and a part of 
the filter house, is built the clear-water reservoir, all according to the 
plans and specifications submitted, including all foundations, settling 
tanks of 500,000 gallon capacity, and including all piping and valves; 
one 10,000,000 gallon low service pump (Worthington preferred), ten 
steel tank filters, 24 feet in diameter, special construction for this work, 
including all labor and material, and connected complete with pure 
water ready for the mains, will cost (estimated) $245,000. 

"If cypress tanks are used for filters, the cost will be reduced $10,- 
000. In other words, if cypress tanks are used instead of steel, the plant 
will cost complete (estimated) $235,000. 

"The present plans and specifications are prepared for a building 
of the first class; no doubt a cheaper building could be constructed, 
thereby reducing the cost ; for instance a slate roof is specified, while 
no doubt iron would answer as well. 

"In making estimates on building and filter plant it is figured that 
the material contained in the old Water Works building or Police Sta- 
tion will be ample to pay for clearing that building off the land." 

GUARANTEES. 

The Filter Company will guarantee that the filter plant will furnish 
the quantity of clear water specified, and that the cost of operation 
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will be within the limits of estimates ; and that the water furnished will 
be clear, bright and sparkling and show a bacterial reduction of 97 per 
cent, and will relieve the city of any and all responsibility if the results 
are not obtained. 

SUMMARY. 

Reducing the foregoing report to a summary, we find as follows : 

First — That the Sacramento River water in its natural condition 
is chemically and bacteriologically perfect, an ideal water for domestic 
uses and manufacturing purposes, safe and wholesome. 

Second — That the quantity and continuity of flow are beyond ques- 
tion. 

Third — That mechanical filtration is better adapted to the con- 
ditions existing on the Sacramento River than sedimentation and sand 
filtration, less expensive as to first cost, less difficult to operate, and 
more readily and cheaply enlarged, if an increased supply of water 
should be required. 

Fourth — That the source of water in the Sacramento is open, cer- 
tain, direct and subject to inspection at all times ; that the city supplied 
with water from this source would be free from any entanglement, legal 
or otherwise, and not in conflict with any other interests, public or pri- 
vate. 

Fifth — That alum as a coagulant is harmless when used in proper 
proportions, and when so used, the effluent is not in the slightest degree 
impregnated with it. 

Sixth — That the Filter Company will be prepared to make guaran- 
tees to the city that the filter, when properly installed, will work up to 
the estimated capacity, and render the water of the Sacramento River 
clear, bright and sparkling and bacteriologically safe, and that the cost 
of operating will -be within the estimates. 

Seventh — That with the filter plant in operation, the city will be 
better protected in case of severe conflagrations than it is at present, if 
for no other reason that that the mains will be free from mud or sedi- 
mentary deposit. 

Eighth — That the present pumping system will not be disturbed by 
the installation of the filter plant, but will be utilized just as it is. There 
would be no changing of mains, and the entire system would be located 
at one common point. 

Ninth — That the installation of a filter plant under such guarantees 
as the manufacturers are willing to give, on grounds where the old 
Water Works building now stands, would be a safe, practical and eco- 
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nomical solution of the problem of a clear and pure water supply for the 

City of Sacramento. Respectfully submitted, 

THOS. B. HALL, 
WM. J. HASSETT, 
TOM SCOTT, 

Committee. 

Specifications for a Filter House and Clear Water Basin and Foundation 

for Settling Tank for Sacramento, California. 

The filter house, with clear water basin underneath, and settling 
tank will be located on the ground now occupied by the City Jail and 
adjoining the present pumping station. It will be necessary to buy, in 
addition to the ground now owned by the city, a small strip of land 
to the north, 28.52 feet wide by 125.7 feet long, that is the ground be- 
tween the pipe shop and the fence. The filter house with settling tank 
will thus occupy a space of 124 feet east to west and 189 feet north to 
south. The filter house, with clear water basin underneath, will have 
an outside measurement of 66 feet wide by 189 feet long; it will be 
constructed substantially as shown on drawings No. 5454, 5455, 5456 
and 5457. The elevation of the floor of the filter house is taken at the 
elevation of sidewalk in front of the present pumping station. 

The floor of the clear water basin will be 16 feet below sidewalk 
level and the floor of the pump room will be 13 feet below level of side- 
walk. After the necessary excavation is made, it will have to be deter- 
mined whether piling is required or whether the sub-soil has enough 
resistance to carry the weight of the foundations, which will approxi- 
mately be if ton per one square foot. The plans have been made with 
the supposition that the soil will have resistance enough for the above 
load, which will most likely prove to be the case. 

The foundation walls shall be of rubble masonry laid in Louis- 
ville cement mortar, or cement of another brand but equally as good ; 
the mortar to consist of one part of tested cement and two parts of 
sharp sand. The stones used must be of good size, of good quality and 
of suitable shape to make a w r ell bonded wall ; and special care must be 
taken to have all joints well filled with mortar. All walls shall have 
a footing of broad flat stones or of concrete. 

The bottom of the cfear water basin and the floor of the pump house 
shall consist of concrete 12 inches thick. Wherever concrete is used, 
same shall consist of : 

Four parts by measure of broken stones, three of sand and one 
of Portland cement. The stones must not exceed two inches in dimen- 
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sions and the sand must be sharp and thoroughly clean. All must be 
mixed dry ; use very little water, leaving it so that it merely looks damp ; 
ram the concrete thoroughly with heavy rammers. 

All foundation walls, the bottom of clear water basin and the floor 
of the pump room, that is to say, all sides exposed to the clear water 
basin and pump room, must be faced off smoothly with a coating of 
cement mortar one inch thick. The four foundation walls forming the 
outside of the building are carried up to level of sidewalk. The wall 
separating the clear water basin from the pump room and the walls sup- 
porting the filters are carried up to twelve inches below level of sidewalk, 
with the exception of that part of the filter foundation walls directly 
under the filter tanks, which are built up to an elevation of two feet and 
eight inches above level of the sidewalk. 

The foundation walls for the filters, as seen from the plans, are al- 
ternately connected with one of the main side walls and leaving an open 
space of four feet and six inches between it and the opposite main side 
wall, thus producing a zigzag circulation of the water in the clear water 
basin and avoiding any dead corners and stagnant water pockets. 

The foundation walls for the settling tanks are connected with the 
west wall of the clear water basin, as shown on drawing 5456, with 
arched openings for the passage of the main sewer pipe. The top of 
these foundation walls is two feet and two inches above level of side- 
walk. The settling tank is supported by ten-inch I beams, weighing 
twenty-five pounds per foot, and spaced off as shown on plans 5455 and 
5456. This will bring the bottom of the settling tank three feet above 
level of sidewalk. 

The filter tanks rest on twelve-inch I beams, weighing thirty-one 
and a half pounds per foot, and spaced off as shown on plan 5455. 

The clear water basin, with the exception of those parts located 
directly under the filter tanks, is covered with a two-inch matched pine 
floor supported by two-inch by ten-inch joists, eighteen inches center 
to center. 

The pump room is partially floored over on a level with the floor 
of the filter house, as shown on plans Nos. 5454 and 5456. This floor 
consists of a passageway through the center, a passageway along the 
south and west side of the pump room and around the alum tanks on the 
east side of the pump room ; the remaining portions are left open. This 
floor has to be supported with suitable posts and brackets along the 
walls. A stairway leads down to the pump floor and another stairway 
runs up to the operating platform between the filter tanks. This oper- 
ating platform is supported by brackets riveted to the filter shells and 
such intermediate posts as may be required. A suitable iron railing runs 
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along the parts of the filter tanks adjoining the platform, along the 
stairways and all exposed parts of platform and gallery in pump room. 
Foundations will have to be put in the pump room for two low service 
pumps — dimensions of same cannot be specified until the style of pump 
is selected. 

In the southeast corner of the clear water basin is placed a suc- 
tion well to accommodate the thirty-six-inch main suction pipe and the 
twelve-inch suction pipe for the wash pump. 

BUILDING WALLS. 

The building walls from the top of the foundation walls up to the 
roof will be of hard brick laid in common mortar. The walls will be 
seventeen inches thick, with inside and outside pilasters projecting four 
inches. 

WINDOWS. 

The windows shall have weight balanced sashes, provided with sash 
locks. All sashes are of first quality white pine, one and seven-eighth 
inches thick, glazed with No. t double thick American glass. 

DOORS. 

There will be one single door and one double door of good quality 
pine or poplar and provided with lock and suitable bolts. 

ROOF. 

The roof is an iron truss roof constructed as shown on drawing No. 
5456. The trusses weigh, approximately, 3000 pounds apiece ; the pur- 
lins are Z bars weighing eighty-two pounds per foot. The roof is 
boarded with one and one-fourth inch first quality pine, dressed on one 
side, and covered with slate. ( The ventilator has swinging, center hung 
sashes that can be operated with cords from the filter platform. 

PAINTING. 

All interior woodwork, windows and doors to be painted with two 
coats of lead and oil, the roof trusses with two coats of mineral paint. 

Where anything is omitted by these specifications, reference will 
be made to the drawings, and vice versa. 

It is understood that all material used for this construction shall be 
of the first quality and the labor done in a good, faithful, workmanlike 
manner. It is further understood that everything relating to this work 
will be furnished by the contractor, although they may not be specifically 
stated by these specifications and drawings. 
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Final Report of Committee on Sacramento River. 

To the Citizens' Water Committee, Sacramento — Gentlemen : Youi 
committee- appointed to investigate the Sacramento River water as a 
source of supply for the City of Sacramento beg leave to make the fol- 
lowing supplementary report : 

Since submitting for your consideration our report, dated March 
5, 1900, we have continued our investigations, and some time ago 
reached the conclusion that to erect a filtration plant upon the site rec- 
ommended in that report, at an estimated cost of $245,000, would be un- 
wise for the following reasons : 

First — To successfully and economically handle the waters of the 
Sacramento River by filtration will require the employment of large 
settling basins in order that the raw water may have at least three hours' 
subsidence before passing to the filters ; and the ground space necessary 
for this is not available at the site of the present Water Works. 

Second — If the ground space were obtainable at the present site, 
sufficient to build thereon settling basins, filter house, clear water res- 
ervoir, etc., the plant would not have a greater capacity than would meet 
present requirements, and could not be enlarged to meet future needs, 
which will necessarily increase from year to year ; hence to erect a pump- 
ing and purification plant to cost, including new pumping engines, boil- 
ers and auxiliaries, say $300,000 to $325,000, with no possible chance for 
enlargement, would be a foolish thing to do. 

Third — The present location of the Water Works being within the 
city limits, near and adjoining large buildings, and close to a network 
of tracks over which trains are constantly moving, is undesirable, by 
reason of the ever present danger of destruction of the works by fire, 
a hazard which the city should by all means avoid in selecting a new 
site for a plant, whose preservation and uninterrupted operations are of 
such vital importance to the lives and property of its citizens. 

Fourth — Municipal Water Works should be located at a point 
where the supply is ample, and the danger from contamination reduced 
to the minimum ; hence the advisability of abandoning the present loca- 
tion for one possessing to a greater degree these advantages, and of- 
fering also opportunity for enlargement of the plant to meet any in- 
creased demands for water in the future. 

Fifth — The abandonment of the old Water Works cannot be re- 
garded as a serious financial loss, for the reason that the efficiency of 
the proposed new plant will be so much higher that the value of the 
old plant will in a few years be absorbed by the greater economy in the 
operations of the new plant. Besides, when the old works are vacated, 
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the boilers, oil tanks, feed pumps and other auxiliary machinery can, no 
doubt, be disposed of at a good price to some manufacturing concern 
desiring to locate here, who will also buy or lease the buildings. 

The pumping machinery in our present Water Works, aside from 
the Allis Vertical Compound, which is of small capacity, is of little 
the Stevens pump having been condemned years ago, while the " Holly" 
has outlived its usefulness, and the boilers in use are too small for the 
economical operation of a pumping plant of this size. 

LOCATION. 

After weighing all these considerations, your committee concludes 
that a new pumping and filtration plant is absolutely necessary, and has 
selected, as being the most desirable place to locate the works, a piece 
of land which formerly belonged to the city, but is now owned by the 
Southern Pacific Company, same being situated immediately north of 
what is known as Slater's Addition, and within the levee and railroad 
embankment. Sufficient ground space can be obtained here upon which 
to erect an ideal pumping and purification plant, having a capacity suf- 
ficient for the city's immediate needs, with ample and additional room 
for enlarging the plant to meet any future requirements. 

CONSULTING ENGINEER. 

In order that your committee might pursue its work and be enabled 
to make a full and comprehensive report of its investigations, it asked 
and obtained permission from the General Committee to employ a 
competent engineer to prepare plaris and specifications for a complete 
pumping and filtration plant to be located upon the site selected. Ac- 
cordingly, we secured the services of Mr. Walter Wagner of Chicago, 
who has the reputation of being one of the most competent engineers 
in this line of work. Mr. Wagner came to Sacramento and remained 
several days, and during the time conferred freely with your committee 
and Chief Engineer Henry C. Wolf, and made close observations of the 
conditions existing here, and the requirements to be met. Surveys 
showing the area and giving the various elevations of the ground at the 
proposed site were made by our City Engineer and furnished Mr. Wag- 
ner. Borings were also made in the ground to determine its character. 

Your committee demanded of Mr. Wagner his best thought and 
consideration in the matter of preparing plans and specifications for 
the proposed new pumping and filtration plant ; and how well he has 
succeeded can be seen by a careful study of his plans and report, which 
we herewith submit as a part of our report. 
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PLANS FOR PUMPING AND FILTRATION PLANT. 

Your committee has carefully studied the plans, and has no hesita- 
tion in saying that with slight modifications they are admirably adapted 
to our requirements ; and if installed at the new site selected will give 
this city a pumping station and purification plant not excelled in points 
of completeness and efficiency by that of any other city in America. 

LOW SERVICE PUMPS. 

To economically pump the water from the river to the settling 
tanks during the low stages of the river, which period, according to 
Sergeant Barwick's report, averages about five months in the year, a 
low service pump other than a centrifugal will be required, for the rea- 
son that the lift, including the friction head in the pipes, exceeds the 
economical limit of the centrifugal pump. For this purpose Mr. Wag- 
ner has recommended a cross compound horizontal pump of 10,000,000 
gallons capacity. In view of the fact that the water in the river is more 
or less muddy the year round, your committee is not favorable to a 
cross compound horizontal pump, but instead would recommend a 
vertical compound, notwithstanding the latter will cost some 25 per cent 
more, believing that the vertical compound pump will give a higher ef- 
ficiency and prove more economical in the long run. The duty of this 
pump should be 90,000,000 foot pounds per 1000 pounds of dry steam. 

CENTRIFUGAL PUMP. 

There will also be installed, to handle the water direct from the 
river, a fifteen-inch centrifugal pump having a capacity, when working 
against a thirty-five-foot head, somewhat in excess of 10,000,000 gallons. 
This pump will be operated by a 150 horse power electric motor. 

Either the vertical pumping engine operated by steam, or the cen- 
trifugal run by electricity, will handle an abundance of water for pres- 
ent needs, with one pump always in reserve ; and each pump being oper- 
ated by a different motive power, insures continuous and uninterrunted 
service in case of accident to either pump or power in use. 

HIGH SERVICE PUMPS. 

For pumping direct into the city mains, it is intended for the pres- 
ent to install two vertical triple expansion pumping engines, each of 
10,000,000 gallons capacity, and with a duty of 135,000,000 foot pounds 
per 1000 pounds of dry steam. 

PUMP FOUNDATIONS. 
In the low service pump room, foundations will be provided for 
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two 10,000,000 gallon vertical compound pumps and two 10,000,000 
gallon centrifugal pumps; also for two 150 horse power motors; while 
in the high service pump room, foundations will be provided for two 
10,000,000 gallon and two 20,000,000 gallon high service triple expan- 
sion engines. 

DOUBLE PUMPING MACHINERY. 

The reason for providing foundations for two pumps of 20,000,000 
gallons capacity is that whenever it becomes necessary to increase the 
capacity of the station, no pumping engine of less than 20,000,000 gal- 
lons capacity should be put in. With two 10,000,000 gallon pumps, 
10,000,000 gallons of water can be supplied, and leave one pump in 
reserve ; and by adding one 20,000,000 gallon pump, 20,000,000 gallons 
can be supplied by running either the two 10,000,000 gallon pumps, or 
the 20,000,000 gallon pump. Again, by placing in position whenever 
necessary a second 20,000,000 gallon pump, 30,000,000 gallons of water 
can be supplied by running one of the 10,000,000 and one of the 20,000,- 
000 gallon pumps, always keeping in reserve a duplicate set of pumping 

machinery. 

PER CAPITA. 

Thirty million gallons of water is sufficient for a population of 1 50,- 
000, when figured on the basis of 200 gallons per capita, which is re- 
garded as an extravagant quantity. 

CHAIN BLOCK HOIST. 

The high service pump room is built in a very substantial manner 
with a strongly trussed roof capable of sustaining a heavy weight ; and 
in this building will be constructed suspended tracks with moving 
chain block hoists, for the easy handling of the large cylinders and 
other parts of the pumping engines. 

CAPACITY OF BUILDINGS. 

Both the low and high service pump rooms are ample in size for 
placing therein a double set of pumping machinery capable of handling 
30,000,000 gallons of water. Likewise the boiler room is large enough 
to accommodate the number of boilers necessary for furnishing the power. 
The filter room, clear water reservoir, and additional settling tanks can 
be increased correspondingly with the demands for water, at compar- 
atively small cost. 

BOILERS. 
The plans provide for the installation of four 150-horse power 
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water tube boilers, each having a heating surface of 1500 square feet, 
with a working pressure of 175 pounds. Fire need be under only two 
of these boilers at a time to furnish power to operate the pumping en- 
gines first installed, leaving the other battery of boilers in reserve. 

FUEL. 

California crude oil should be used for fuel, and provision has been 
made for two steel tanks holding 15,000 gallons each, complete with all 
pipe connections, steam coils and pumps, necessary to use oil as fuel. 

ELECTRIC POWER. 

Electric power to operate the centrifugal pumps should be ob- 
tained from some one of the electric power companies -of this city, Who 
should be required to provide a separate and double circuit; and the 
contract for power should be based on a rate per million for each mil- 
lion gallons of water pumped, or upon a basis of the number of kilowatt 
hours consumed by the motor. 

FILTERS. 

The filter house is large enough to hold thirty-two 16-foot fil- 
ters, each having a capacity of 500,000 gallons in twenty-four hours, or a 
total of 16,000,000 gallons per day. It is intended to place only twenty- 
four of these filters in position at first, as this number will be sufficient 
to purify all the water needed at present. 

CLEAR WATER RESERVOIR. 

The clear water reservoir built entirely of concrete underneath the 
filters has a capacity of 1,000,000 gallons. This body of water, always 
in reserve, overlies the high service pumps, thus avoiding any suction 
lift by these pumps, thereby saving power and wear and tear, to say 
nothing of the increased efficiency of the pumps by reason of handling 
only clear instead of muddy water. 

SETTLING TANKS. 

Large settling basins which will allow from three to five hours' 
subsidence of the raw water before passing to the filters is the key to the 
successful and economical handling of the waters of the Sacramento 
River. 

The plans provide for three iron or steel tanks seventy-five feet 
in diameter by twenty feet in depth, holding in the aggregate 2,000,000 
gallons of water. The raw water is pumped direct from the river into 
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the first settling tank, and is delivered near the bottom. From the top 
of this tank the water is skimmed, as it were, and passing through 
pipes to the second tank, enters it near tht bottom. Rising in this 
tank and overflowing again, it enters near the bottom of the third tank 
in a partially clear condition ; but while passing through the pipes from 
the second to the third tank it is treated with a solution of alum auto- 
matically injected in definite proportions. The water which has depos- 
ited a large percentage of the suspended matter it originally contained, 
now, in its coagulated form, overflows into a supply pipe, from whence 
it is distributed by gravity upon the sand beds of the filters ; and pass- 
ing through the filters, enters the clear water reservoir below, pure, clear 
and sparkling. 

TESTING FILTERS. 

At this point it may be well to mention that any company contract- 
ing to furnish filters must be required (and no doubt they will be pre- 
pared) to guarantee that the filters will not only work up to their esti- 
mated capacity, but that all the water passing through the filters into 
the clear water reservoir shall be clear, sparkling and bacteriologically 
perfect ; these facts to be established by a severe test conducted for a 
period of at least thirty days. 

REMOVAL OF SEDIMENT. 

The economical removal of sediment from the settling tanks has 
been a source of perplexity to your committee, but we believe Mr. Wag- 
ner has solved the problem by the introduction of a simple device 
placed at the bottom of the tanks, making it possible to quickly free 
each tank of the accumulated sediment, without interfering with the 
continuous operation of the tanks, and at any stage of the river; thus 
saving the cost of pumping the water out of the tank preparatory to 
cleaning it, and all labor and other expenses incidental thereto. 

PILING. 

The formation of the soil at the proposed site being of a sedimentary 
character, is incapable of sustaining heavy masonry work ; and as a plant 
of this kind should be built in the most substantial manner, a large 
amount of piling must necessarily be employed, and in the estimates 
made a liberal sum has been allowed to cover this item of cost. The cost 
of piles and driving same, in constructing the crib or jetty, to protect 
the suction pipes, has also been included in our figures. 
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PIPING. 

About 2700 feet of thirty-six inch steel or iron riveted pipe will be 
required for the suction from the river to the pumps and connections 
with the settling tanks, and a line to connect with the city main at Front 
and I Streets. The cost of this pipe, including laying, also cost of valves 
and other piping in and about the works, have been carefully figured ; 
and, as will be seen, constitute a considerable item of expense of con- 
struction. 

LATERAL FOR SOUTHERN PACIFIC COMPANY. 

On the line of the thirty-six inch pipe which connects the pumping 
station with the I Street mains, provision has been made to take out a 
twelve-inch line of pipe at a point to be hereafter determined, to supply 
the Southern Pacific Company with water and to afford protection to 
its property in case of fire. Your committee suggests that on this 
twelve-inch lateral a water meter be placed to register the amount of 
water passing through it, and that a low rate per million gallons of water 
used be made to the Southern Pacific Company. 

high' class machinery. 

We recommend that none but high class pumping engines, boilers 
and other machinery, including heaters, surface condensers, fuel econ- 
omizers, oil separators, air and feed pumps, be purchased, to the end 
that the highest efficiency and greatest economy may be attained in the 
operation of the plant. 

HIGH PRESSURE ON MAINS. 

It may not be out of place to here suggest that the Citizens' Water 
Committee, in its report to the Honorable Board of Trustees, recom- 
mend that when this new pumping station is installed an ordinance be 
passed directing the Chief Engineer to maintain in the city mains a uni- 
form pressure of fifty pounds instead of thirty-five pounds domestic and 
sixty pounds fire pressure, as is now the case ; further, that the hours 
during which irrigation may be carried on be increased. Your com- 
mittee is decidedly of the opinion that if a higher pressure were con- 
stantly maintained, considerably less water per capita would be used by 
the citizens than at present, particularly for irrigation. Arguments to 
sustain this position, we think, are unnecessary here, for it will be ap- 
parent to anyone giving the matter any consideration that the adoption 
of the suggestion would result in great convenience to the citizens, with- 
out increasing the operating expenses of the plant. 
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CHANGES IN POSITION AND ELEVATION OF BUILDINGS. 

The ground plans of the proposed plant show the main buildings as 
facing the south, but after more careful study of the grounds, and taking 
into consideration possible future requirements, we believe that the 
main building should face the river. Further, the entire plant should be 
raised one and one-half feet higher to provide against the contingency 
of high water. The floor of the boiler room will then be at an elevation 
of thirty-three and a half feet above datum, or five feet above the high- 
est known water mark. 

COST dF PLANT. 

Your committee have obtained careful and conservative estimates 
of the cost of every item entering into the construction and equipment 
of the plant, and we have no hesitation in saying that we confidently be- 
lieve the plant can be built and completely equipped ready for operation 
for the sum of $402,392. Following are our estimates in detail : 

BUILDINGS. 

Concrete walls, floors, foundations, 

etc $32,500 

Piling, driving and timbers for 

walls, foundations, etc 12,000 

Brick work in buildings 12,205 

Chimney, brick and concrete work. 3,950 
Lumber, mill and carpenter work.. 15,550 
Roofing, galvanized iron, sand and 

gravel 1,975 

Iron beams, columns, roof trusses, 

purlins, pipe railings, etc 9,692 

Iron fence around settling tanks . . . 800 
Wiring for electric lighting, lamps, 

etc 150 

Painting 850 

Filling in and grading around 

buildings, railroad side track, 

etc 4.500— $94,i7 2 

MACHINERY. 

Two 10,000,000 gallon vertical triple 
expansion pumping engines, 
with 42-inch stroke, including 
feed and air pumps, set up in 
place 75,ooo 
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One 10,000,000 gallon vertical com- 
pound pumping engine, 30- 
inch stroke, including feed and 
air pumps set up in place 20,000 

One 15-inch centrifugal pump, capa- 
city 10,800,000 gallons when 
working against 35-foot head, 
with primer and check valve, 
coupled to dynamo, both on 
cast iron base, set up in place . . 1,150 

One 150 horse power electric 
motor, coupled to centrifugal 
pump, marble switchboard, all 
in place 3>75o 

Two high pressure boiler feed 

pumps 400 

One steam pump for handling 

waste water 120 

One fuel economizer, set up com- 
plete with all pipe connec- 
tions, brick work, etc 3>SO° 

Three surface condensers attached 

to suction pipes set in place . . . 3,500 

One oil separator and hot well 300 

Gongs, signals, whistles, etc 1,000 

Water and steam pipes, with cov- 
erings and fittings, required for 
the interconnection of all ma- 
chinery within the walls of 
pumping station 5,000 

Two 15,000 gallon oil tanks, with 
steam coil heaters, all pipe con- 
nections, stand pipe, oil burners 
and two steam force pumps, all 
in place 2,500 

Tracks and chain block hoists for 
handling machinery in engine 
room 500 

Four 150 horse power boilers, set 
up and complete, with all brick 
work and connections with 
chimney 12,500 — $129,220 
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SETTLING TANKS. PIPING, VALVES. 

Three settling tanks seventy-five 
feet diameter by twenty feet 
deep, in place, and connected 
with the pumps and filters; 
2700 feet 36-inch iron or steel 
riveted pipe for suction and dis- 
charge pipes from river to pumps 
and settling tanks ; line to con- 
nect with city main at Front 
and I Streets, laid in place, to- 
gether with all other piping, fit- 
tings and valves in and about 
the pumping station 73,8oo 

Tiling for drain in settling tanks, 

all in place 200 — $74,000 

Superintending, extra labor and 

other incidentals 5,000 

FILTERS. 

Twenty-four 16-foot filters, com- 
plete and in place, with all pipe 
connections, shafting, dynamo 
to operate rakes, ready to de- 
liver clear, pure water 100,000 



Total cost of plant $402,392 

COST OF OPERATION AND MAINTENANCE OF FILTER 

PLANT. 

The cost, exclusive of interest on the first cost of the plant, for sup- 
plying the inhabitants of this city with a clear, sparkling water of high 
bacteriological purity, instead of the highly discolored and ofttimes 
muddy water of to-day, will be about $3.37 per million gallons con- 
sumed, as per following calculations : 

Cost of pumping 1,000,000 gallons raw water 
from the river with the low service 
pumps working against a yearly average 
head, including friction in pipes, say thirty 
feet', using crude oil, which will effect a 
saving of at least 33 1-3 per cent as against 
high grade coal at $7 per ton, which will 
evaporate 8 to i, will be $0 82 
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Labor of three attendants, eight hour shifts, at 

$2.50 per day 75 

Sulphate of alumina, average quantity 65 

pounds, at 2c per pound 1 30 

Raw water for flushing tanks 10 

Clear water for washing filters, and extra power 

required in cleaning 15 

Repairs, wear and tear, etc 25 

Total $3 37 

Although we have made no allowance in the above calculations, 
the cost of pumping raw water from the river is not all chargeable to the 
operations of the filters, for the reason that the high service pumps are 
entirely relieved of \his duty, the filters delivering the clear water to 
these pumps free of cost. 

In making careful inquiry and study necessary to ascertain the 
class and type of machinery best adapted to modern municipal water 
works, to the end that the greatest efficiency and economy in opera- 
tion be obtained, your committee have become thoroughly impressed 
with the importance of securing the services of a competent mechanical 
engineer to draw working plans of buildings and prepare specifications 
for all machinery, piping, etc., in and about the works, and to super- 
intend the installation of same. Therefore, we would suggest that the 
General Committee, in its report to the Honorable Board of Trustees, 
recommend (provided, of course, that our report be considered favor- 
ably) that a competent mechanical engineer be employed as superin- 
tendent of construction and consulting engineer to the City Engineer 
and Chief Engineer of the Water Works. 

SUMMARY. 

We summarize the foregoing and our former report as follows : 

First — The Sacramento River water in its natural condition is 
chemically and bacteriologically perfect, an ideal water for do- 
mestic uses and manufacturing purposes. 

Second — The quantity and continuity of flow are beyond dispute. 

Third — The source of the water in the Sacramento River is open, 
certain and subject to inspection at all times ; and the city drawing its 
supply from this source would be free from any entanglement, legal or 
otherwise, and not in conflict with any other interests, public or pri- 
vate. 

Fourth — Mechanical filtration is better adapted to the conditions 
existing on the Sacramento River than sedimentation and sand filtra- 
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tion; less expensive as to first cost, less difficult to operate and more 
readily and cheaply enlarged should an increased supply of water be 
needed. 

Fifth — Alum as a coagulant is harmless when used in proper pro- 
portions, not to exceed 75 per cent of the lime contained in the raw 
water, and when so used the effluent is not in the slightest degree im- 
pregnated with it. 

Sixth — Filter companies are prepared to guarantee the perfect and 
successful working of mechanical filters, rendering the waters of the 
Sacramento River clear and sparkling, and showing a bacterial reduc- 
tion of 97 or 98 per cent. 

Seventh — The City of Sacramento, instead of continuing to supply 
its inhabitants with raw water with all its impurities, should provide 
water that is pure, clear and sparkling. To obtain such a supply from 
"whatever source involves the expenditure of a large sum of money ; but 
the end justifies the means, and the sum necessary is small compared 
with what other cities of equal importance have to expend for similar 
purposes. The estimated expense, i. e., $3.37 per million gallons, for 
pumping, filtering and purifying the river water, will be nearly absorbed 
by the greater economy in operating the new plant, provided our recom- 
mendations are carried out, and only high class pumping engines, boil- 
ers, exhaust steam heaters, surface condensers and fuel economizers be 
installed, and that crude oil instead of coal be used as fuel under the 
boilers. 

Eighth — The building and equipping of the proposed pumping and 
filtration plant, which is an ideal and modern plant in all details, upon 
the new site selected, would be a wise expenditure of money, a safe, 
practical and economical solution of the problem of a clear and pure 
water supply for the City of Sacramento, for all future time. Respect- 
fully submitted, 

Sacramento, March 27, 1901. 

THOMAS B. HALL, 
WM. J. HASSETT, 
TOM SCOTT, 
Committee on Sacramento River Water. 
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Report of Walter Wagner, Consulting Engineer, for a New 

Water Works and Filtration Plant. 

CHICAGO, 111., February 14, 1901. 

Committee on Water Purification of the City of Sacramento, Cal. — 
Gentlemen: The undersigned having been engaged by your honor- 
able body to design a new pumping station combined with a water puri- 
fication plant, the source of supply to be the Sacramento River, re- 
spectuflly reports as follows : 

In order to obtain the necessary ground space for an installation 
designed according to the best present knowledge of the art of filtra- 
tion, large enough for the present requirements and with facilities for 
such increase as the future may demand, your honorable body in- 
structed the undersigned to locate the new works on the east bank of 
the Sacramento River and about 1700 feet north of the north line of I 
Street. The general features and capacities of the new works are as 
follows : 

Low service pumping machinery will take the water from the river 
and deliver same into settling tanks. The water level in the settling 
tanks will be at an elevation of forty feet above datum. Low water 
in the river being seven feet above datum, these pumps will, therefore, 
work against a maximum head of thirty-three feet, exclusive of friction 
in the pipes. From these settling tanks the water flows by gravity to 
the filters and through the filters. The filtered water is collected in a 
clear water basin, of capacity of 1,000,000 gallons, situated directly be- 
low the filters. The high service or city pumps take the filtered water 
from the clear water basin and force it into the city mains. 

The pumping record of your Chief Engineer, Mr. Wolf, shows a 
maximum daily pumpage of 8,376,000 gallons pumped in July, 1899, an( * 
an extreme pumping for a period of about four hours at the rate of 
1 1,000,000 gallons per twenty-four hours. It is, therefore, safe to assume 
that a water works plant with a daily capacity of 10,000,000 gallons, 
with all apparatus in duplicate, will be sufficient for the present needs 
of the city; but, in order to save money at a future time when an in- 
crease becomes necessary, it seems advisable to make the buildings 
large enough to be able to double the pumping capacity without the 
necessity of changing or adding to the buildings. 

The filter plant is designed for a daily capacity of 12,000,000 gallons 
that is, 2,000,000 gallons above the pumping capacity, which is neces- 
sary, as there are always one or more filters out of service during the 
process of washing. The filter house is designed to ultimately house 
thirty-two (32) filter units, with a capacity of 16,000,000 gallons per 
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twenty-four hours ; and the settling tanks will be put in large enough 
to contain three (3) hours' subsidence at the rate of 16,000,000 gallons 
per day, or 4.8 hours at the rate of 10,000,000 gallons per day. 

As there is great advantage in the method of operating to have the 
settling tanks in three units, and as there is a great saving in first cost 
to make the settling tanks as large as practically convenient for a given 
capacity, the writer thinks himself justified in advocating three settling 
tanks large enough to handle 16,000,000 gallons per day with a three 
hours' subsidence, which is the limit of time to economically handle the 
Sacramento River water ; and which will give the great advantage of a 
much longer period of subsidence for many years to come. 

The reasons why the writer advocates in his present plans steel 
settling tanks in lieu of a masonry reservoir are based on local conditions 
as regards economy of construction and facilities for operation. 

As will be seen from the accompanying plans, the building site has 
an average elevation of seventeen feet above datum ; that is, it is four- 
teen feet lower than the top of the levee ; the soil is very unfavorable to 
sustain heavy masonry work, such as would be required to bring the 
top of the settling reservoir about nine feet above the levee. A masonry 
construction would cost at least $20,000 more than the present de- 
sign, and even then could hardly be considered as absolutely safe against 
irregular settling, which would mean annoying leaks, contaminating the 
water in the clear well, thus endangering the entire purification plan. 

The life of these steel settling tanks can be safely calculated to be 
*at least fifty (50) years, as their bottoms are entirely covered with ce- 
ment inside and outside, preventing all abrasion from rust or wear ; and 
their sides, being always accessible, can be kept well painted. 

From the accompanying specifications and estimates it will be seen 
that a very large portion of the cost of construction goes to provide for 
preliminary sedimentation, but every dollar spent for that part of the 
work is well invested. It is to-day a well-known fact to every filter en- 
gineer that there is no filter which will handle satisfactorily and econom- 
ically a muddy water such as the Sacramento River water during the 
rainy season, and that such waters must first undergo a settling pro- 
cess, assisted by coagulation. The writer collected some samples of the 
river water during his recent visit to your city (taken on January 5, 
1901, when the river was nineteen feet above datum and still rising, and 
the water about as muddy as it ever was or will be). This water contained 
two thousand (2000) parts per million of matter in suspension, of which 
sixty (60) per cent had settled after three hours of plain subsidence : 
and when assisted with a small amount of alum, the water appeared in 
good shape to be successfully handled by a filter. 
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APPROXIMATE ESTIMATED COST OF BUILDINGS AND 

MACHINERY. 

Filling in and grading $4,500 

Filter house, with clear well 35,ooo 

Pump house 24,000 

Boiler house, office, etc 8,000 

Chimney 5,000 

Pump foundations 5,800 

Boiler foundations 1 ,800 

Foundation and surrounding 

walls for settling tanks 17,900 

Storage shed 1,000 

1 

Total for buildings $103,000 

Two 10,000,000 gallon high serv- 
ice pumps $70,000 

One 10,000,000 gallon low service 

pump 20,000 

One 10,000,000 gallon centrifugal 
pump, with engine and elec- 
tric motor 10,060 

Four 150 horse power water tube 
boilers, with all necessary 
feed pumps, pipes and flues, 
all set up 15,000 

Three settling tanks, with all 
pipes and valves to connect 
with pumps and filters 45,000 

Pipes and valves from river to 
pumps and from pumps to 
main on I Street 18,000 

Complete filter plant of 12,000,000 

gallons capacity 108,000 

i 

Total for machinery $286,000 

Grand total $389,000 

The above estimate can be considered as absolutely safe, and there 
is ao doubt but that the total will be found considerably lower after bids 
are called for, based on more complete, detailed drawings and specifica- 
tions. 
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The cost of filtering 10,000,000 gallons of water per day, if same 
is done in conjunction with the pumping station and under the super- 
vision of the Chief Engineer of the Water Works, will consist of the 
following items : 

Steam required for low service pump, 1260 pounds per hour, or 
24x1260 — 30.240 pounds per day, equal to 3780 pounds of coal per day 
at an evaporation of one to eight ; or, at $4 a ton for coal, the cost of 
low service pumping would be $7.56 per day. 

There will be needed the attention of one man, or three men per 
twenty-four hours, with a salary of $2.50 per day, or $7.50 for the three 
men. 

The amount of alum used will average one-half (£) a grain per gal- 
lon of water, or 700 pounds for 10,000,000 gallons. The cost of sulphate 
of alumina laid down at Sacramento will not exceed $1.80 per hun- 
dred, or $12.60 for 700 pounds. 

The total extra expense for filtering would, therefore, be $27.66 per 
10,000,000 gallons, or %2.jy for every million gallons filtered. The re- 
pairs on a filter plant are nothing, as has been proven by many years 
of practical experience; and the above cost of $2.77 will in reality be 
less, as there will be a saving in the reduced amount of steam used by 
the high service pumps, which will take water from the clear well with- 
out any suction lift and will work against a reduced pressure, as the fil- 
tered water will considerably reduce friction in the city mains. There 
will also be less repair on the very expensive high service engines work- 
ing with filtered water as compared with the present conditions. 

In most places where filters have been put in, practice has proved 
that it is more economical in the long run to handle filtered water than 
raw river water, and that a filter plant is not alone a sanitary improve- 
ment, but a decided success financially. Respectfully submitted, 

WALTER WAGNER. 

General Description and Specifications of all Machinery, Piping: and 
Apparatus (exclusive of Building; and Foundations) entering; into the 
Construction of the Water Works and Filtration Plant. 

(1) INTAKE. 

There will be two separate thirty-six inch intakes, provided with 
foot valves and swinging joints, to raise or lower same according to the 
stage of the river, similar to those now in use. 

(2) LOW SERVICE PUMPS. 

There will be installed two low service pumping apparatus, each to 
be of 10,000,000 gallons capacity, with all piping so arranged as to put 
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in place a third one when required. These pumps will have to work 
against a head of thirty-three feet at low water and thirteen feet at high 
water. When the river is high and muddy and the head against which 
the pump will have to work very low, a centrifugal pump, driven by an 
economical compound engine or an electric motor, is the most adapt- 
able, but would not be very economical at low water, at which time a 
horizontal, compound pumping engine would give the best results. It 
is, therefore, the intention to put in both styles of pump, each capable of 
working under each condition ; one 10,000,000 gallon centrifugal pump 
with a compound engine and an electric motor, and one 10,000,000 gal- 
lon horizontal compound pumping engine, together with all necessary 
condensing apparatus, air pumps, pipes and valves ; the duty of the cen- 
trifugal pump to be 75,000,000 foot pounds per 1000 pounds of dry 
steam and the duty of the horizontal compound pumping engine shall 
be 90,000,000 foot pounds per 1000 pounds of dry steam. 

(3) HIGH SERVICE PUMPS. 

There will be installed two vertical triple expansion pumping en- 
gines, each of a capacity of 10,000,000 gallons per twenty-four hours 
and with a duty of 135,000,000 foot pounds per 1000 pounds of dry 
steam. These pumps will receive the water from the clear well under a 
slight head ; that is, without any suction lift, and deliver same into the 
city main under a head of 100 pounds for domestic service and a head 
of 150 pounds for fire service. The piping shall be so arranged that four 
pumps can ultimately be placed. The exhaust steam from these pumps 
shall first pass through heaters, from there to surface condensers lo- 
cated in the suction of the pumps ; each pump to have its own steam pipe 
from the boilers and its separate heater condenser and air and feed 
pumps. All condensed steam shall pass through an oil separator of ap- 
proved pattern, from where the boiler feed pumps will take their suc- 
tion. The suction of these pumps will also be connected with the suc- 
tion from the intake, so as to enable these pumps to take water direct 
from the river if desired. 

(4) BOILER PLANT. 

The necessary horse powers required for the above pumps can be 
figured out as follows : 

Low service pumps, maximum head, including friction forty feet, 
delivery 10,000,000 gallons per twenty-four hours. 

Horse power of work done by the water end 

10,000,000x8.3x40 70 H. P. 



1440x33,000 
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This pump will require about eighteen (18) pounds of dry steam per 
horse power per hour. 

The high service pump will work against a head of ioo feet for do- 
mestic service, which would require per 10,000,000 gallons for twenty- 
four hours the following number of horse powers at the water end : 

10,000,000x8.3x100 175 H. P. 



1440x33,000 

And as this pump requires about thirteen pounds of steam per 
horse power an hour, there would be 175x13 — 2275 pounds of steam — 
required for every hour. By adding both results we obtain 1260, 2275, 
3535 pounds of dry steam per hour to pump at the rate of 10,000,000 
gallons per day. 

The commercial horse power for boilers is generally accepted to be 
an evaporation of thirty pounds per hour. According to this, the re- 
quired boiler horse powers would be 

3535 118 H. P. 
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It is, however, a well-known fact that all these guarantees of the 
pump manufacturers and boilermakers are seldom obtained in practice 
for any considerable period of time ; and as it is, furthermore, bad prac : 
tice to run a boiler at its utmost capacity (and some steam will also be 
used for other purposes, as, for instance, the filter agitators, auxiliary 
air pumps, boiler feed primps, etc.), it is safe to assume that for general 
practice there should be two boilers of 150 horse power nominal capacity 
continuously under fire, with another battery of two as a reserve. TJiere 
should, therefore, be installed at the present time four (4) water tube 
boilers, each to have about 1500 square feet of heating service, with a 
working pressure of 175 pounds, together with a duplicate set of boiler 
feet pumps. 

(5) SETTLING TANKS. ",! ' ''' ' 

There will be three (3) settling tanks, each to be 75 feet in diameter 
by twenty feet high, with a combined capacity of 2,000,000 gallons. Two 
of the tanks will be used for plain subsidence ; the third tank for subsi- ' 
dence assisted by coagulation. The piping between the low service 
pumps and the tanks, between the tanks themselves and between the 
tanks and the filters shall be so arranged that the tanks can be either 
run in series or in multiples, and that either tank can be put out of serv- 
ice without interfering with the remaining tanks, all substantially as 
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shown in accompanying plaris. The bottom of each tank is provided 
with a system of drain tile pipes, having holes in their upper sides ; all 
pipes imbedded in concrete to present a smooth, finished surface. These 
drain pipes are arranged in four independent quarter sections, each 
section having its own blow off valve at the outside of the tanks, close 
to the bottom of same. In this manner it will be possible to blow off the 
accumulated sediment without interfering with the continuous operation 
of the tanks, and at any stage of the river ; thus saving all labor which 
would be required if the tanks had to be cleansed by emptying same. 

(6) FILTER PLANT. 

The filter plant is calculated to deliver 12,000,000 gallons of pure, 
wholesome water each twenty-four hours, at a rate of filtration of 123,- 
000,000 gallons per acre in twenty-four hours, which rate has been dem- 
onstrated by practical experience to be perfectly safe for water similar to 
that of the Sacramento River after being allowed to settle and being 
treated with a coagulant for fully three hours before passing to the sand 
bed. The writer was engaged during February and March, 1899, mak- 
ing practical tests concerning the feasibility of filtering this water and 
these tests have proved conclusively that a method of filtration as be- 
low mapped out will guarantee perfect results. 

The combined filtering area will be 4241 square feet, divided into 
twenty-four (24) units of 176.7 square feet each; each unit being, there- 
fore, fifteen feet inside diameter, having a capacity of 500,000 gallons 
per twenty-four (24) hours. In a plant of this size it would not be good 
policy to make larger units, even if in that way money could be saved 
in first cost, as the shutting off of one or more units during the period of 
washing would unduly reduce the combined delivery of the plant. 

The filter tanks will be made of California redwood, the best ma- 
terial known for this purpose. 

The filtering material will be four (4) feet deep and will consist of 
specially mined sand composed almost entirely of silica, with grains uni- 
form in size and shape. 

The filters must be equipped with mechanical stirring devices, in 
order to thoroughly stir up the sand during the process of cleansing and 
also to allow the top layer alone to be furrowed, in order to break up 
the top crust, if desired. There will be installed an electric motor for 
driving these agitating devices. 

Each filter will be provided with controlling devices for both the 
inlet and outlet. 

Two (2) tanks, ten feet in diameter by ten feet high, to make the 
coagulant solution, will be placed where shown on plans ; with duplicate 
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acid-proof solution pumps and all necessary connections to feed the 
coagulant where required. 

The filters must be connected with the raw water supply pipe, the 
pure water wash main and the waste pipe. Everything pertaining to 
the operation of the filter plant inside of the filter building, with the ex- 
ception of the operating platform, building and foundations, necessary 
to put the plant in operation, must be furnished by the filter contractor. 

(7) PIPING. 

A thirty-six inch steel riveted pipe will connect the intakes with the 
suctions of all the pumps, as shown on plans ; two branches will cQnnect 
with the clear well in the filter house. All valves must be provided with 
by-pass valves. The delivery of the high service pumps must be con- 
nected with the present main on I Street with a thirty-six inch steel riv- 
eted pipe; the approximate length of this main between the pumping 
station and I Street is about 1700 feet. 

General Description and Specifications of Building and Foundations. 

It is not the intent of these specifications to enter specifically into 
all the details of construction, but only to be a guide and explanation for 
the accompanying plans, to enable contractors to give approximate es- 
timates on the work to be done. 

(1) GRADING AND EXCAVATING. 

The excavation and grading shall be done in accordance with these 
plans and the lines and grades which will be furnished. The excavation 
will consist in grading the surface of the ground where the building and 
settling tanks will be located, and the excavation of the trenches for the 
piling and foundations of the building walls. The excavated earth shall 
be used for the fills. The rest of the material for fills can probably be 
taken from the river bed. All fills shall Se carried up in level layers not 
exceeding four inches in thickness when applied ; every layer to be thor- 
oughly rolled with heavy grooved rollers or rammed well and solidly 
with heavy rammers and watered more or less if required. A fill will 
have to be made about fifty (50) feet wide along the south front of the 
works and around the east side and north side of the boiler house ; also 
the floor under the boiler house, office and repair shop will have to be 
filled up to grade. 

(2) PILING. 

The piles must not measure less than nine (9) inches on top ; must 
be straight and clear, of bark and projecting limbs. The piles shall be 
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driven until they sink not more than three-fourths of an inch under each 
blow from a 1200-pound hammer falling twenty (20) feet. The founda- 
tions for the settling tanks are made by laying round timbers, one foot 
apart, on concrete ; the. space between the timbers being laid with con- 
crete and filled to about six inches above top of logs. 

(3) CONCRETE MASONRY. 

The concrete shall be made by mixing cement, sand and clean 
screened gravel or broken stone, and water. The cement used shall b< 
the best quality Portland cementr The gravel or broken stone used shall 
have no dimensions greater than two inches. The sand used shall be 
clean, coarse, sharp and free from foreign matter. The proportions of 
the cement, sand and gravel or broken stone used in making the con- 
crete shall be by measure, one part of cement, two parts of sand and four 
parts of gravel or broken stone. The mixing of the concrete shall be in 
suitable beds or by machinery, in a manner satisfactory to the engineer 
in charge. After the materials are wet and mixed, the work of placing 
must proceed rapidly until the whole batch is in place and thoroughly 
rammed or rolled. The placing of the concrete may be from barrows 
or buckets, by dumping directly into the forms or through chutes, as the 
engineer may from time to time determine. The consistency of the 
mixture shall be such as to insure complete filling of the forms ; and, in 
general, the entire operation of placing, and the consistency of the mix- 
ture are to be determined by the engineer as circumstances seem to re- 
quire. When the filling of any particular section is finished for the 
time being, the concrete must not be worked upon or walked on until 
set. All unfinished surfaces, as the work progresses, shall be left so as 
to insure the best possible junction with that which is to follow, and no 
work that is set shall be built upon until it is thoroughly cleaned and 
washed and, when required, plastered with a thin coat of mortar. All 
surfaces shall be kept moist by sprinkling or otherwise, and shall be 
shaded from the sun for not less than one week after finishing. 

The mortar shall be made by mixing one part by measure of ce- 
ment to two parts of sand and a suitable quantity of water. Satisfactory 
moulds, centers and planks or boards for curbing shall be furnished by 
the contractor. Moulds and centers shall be true in form, smooth and 
well braced. 

Portland cement concrete shall be used for all foundations, etc., 
with the exception of floors in buildings, bottom of clear well and foun- 
dation of settling tanks where Rosendale cement, or some other brand 
equally as good, may be used. 
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All exposed surfaces of the concrete masonry of the clear water 
well shall be plastered with a coat of Portland cement mortar one-half 
inch thick, well troweled down and floated, so as to leave the entire sur- 
face smooth and true to line, said plaster to be applied as soon as pos- 
sible after the completion of the masonry. The exposed surfaces of all 
other concrete masonry and concrete floors of the building shall, when 
completed, be left smooth and true to line and grade. 

Any pipe, castings, bolts or anchors belonging to the pump, engine, 
piping, filters and their auxiliaries, which it may be necessary to place in 
the masonry as shown on plans, will be furnished to the contractor and 
shall be set by him. 

(4) STONE WORK. 

All stone for doors to be granite, and window sills shall be sand 
stone from approved quarries/ sound, of uniform color and texture, and 
free from discolorations and seams. All visible rock face shall be free 
from drill holes or tool marks. 

(5) BRICK MASONRY. 

All walls shall be built of hard bricks ; no soft or otherwise defec- 
tive brick is to be used in any portion of the work. The brick to be 
carefully culled and the outside and inside faces of the buildings laid 
of such brick as will produce a good uniform color throughout the 
work. 

All brick work below grade, which is taken at thirty-one feet above 
city datum, and up to a point twelve inches above grade, shall be laid in 
cement mortar composed of one part Portland cement, or cement 
equally as good, and three parts of clean, sharp, coarse, screened sand. 
Balance of brick work in the building to be laid in mortar composed of 
one part cement to eight parts of lime mortar composed of lime paste 
and an approved quantity of clean, sharp sand. All to be kept under 
cover and well protected from moisture before being used. The lime 
paste to be used in this mortar shall be slacked not less than two weeks 
in advance, and the cement is to be added only as the mortar is required 
for use. 

All brick shall be well wet before laying and laid with close joints. 
Each brick shall be laid in full bed of mortar, and all interstices flushed 
full of mortar without grouting. The brick work shall be thoroughly 
bonded ; each sixth course to be a heading course of whole brick, ex- 
tending through the entire thickness of wall. All exposed mortar joints 
inside to be struck smooth and even and all exterior joints to be jointed 
with tool. When necessary to bring any joint to the required height, 
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slipped courses shall be formed, as in no case are. face joints to be more 
than one-quarter inch in thickness. 

Arches shall be turned over all openings for windows or doors, or 
where shown on plans, and all centers must be left in place until the 
brick work has set sufficiently to warrant removal. 

All necessary iron wall plates for supporting roof trusses and gird- 
ers for platform, and iron base plates for posts, shall be furnished and 
placed by contractor. All plates to be solidly bedded, true and level to 
line and grade, in Portland cement mortar. The contractor shall also 
furnish and build in all anchors and clamps of tarred iron necessary to 
the work. All pudlock holes to be neatly filled with brick of the proper 
color. 

Only skilled masons shall be employed in the work. On comple- 
tion of the work, the entire exterior of the buildings is to be cleaned 
down with dilute muriatic acid and water. Care must be taken not to 
wash mortar joints with acid, and not to let acid run on stone. Point 
up under sills and wherever required, and leave the work in a finished 
and complete state in all respects. 

(6) ROOF. 

The roof of the filter house is supported by steel beam posts, with 
steel beam girders on which rest the wooden roof joists. These joists 
carry a ceiling consisting of one inch dressed boarding. The roof itself 
is a tar and gravel roof. The monitor on the roof shall be constructed 
of good pine timber, planed on all exposed surfaces. 

The roofs over the pump house and boiler house are iron truss 
roofs, covered with one and one-quarter (i£) inch tongued and grooved 
boarding, planed on the under exposed side and covered with No. 26 
galvanized iron. 

All roofs are provided with monitors, as indicated on plans, with 
a special skylight placed over the repair shop. 

Trusses shall be supported on building walls on heavy cast iron 
plates and be anchored to walls with bolts and washers built into walls. 
The contractor shall provide and set all flashings necessary to make 
the roof water-tight and all galvanized iron gutters and leaders. 

(7) FLOORS AND PLATFORMS. 

The floor of the filter house rests on steel "I" beams of such dimen- 
sions and weights as indicated on plans and wooden joists, covered all 
over with the exception of the spaces occupied by the filter tanks, with 
two-inch dressed, tongued and grooved pine flooring. 

Operating platform around filters and along the settling tanks to 



-67 - 

be constructed and framed as indicated on plans ; covered with two-inch 
dressed, tongued and grooved pine flooring and provided with one and 
one-half (i£) inch wrought iron pipe railing and wooden stairs, all as 
shown on plans. 

A similar platform will be constructed around the high service en- 
gines, supported on cast iron posts and steel beams and provided with 
the necessary stairs and railings. 

(8) WINDOWS AND DOORS. 

All door frames shall be of first quality pine, of customary construc- 
tion ; the large doors are to be double doors. 

Window frames shall be box frames with the exception of the 
frames in the monitor and the upper half of the windows of pump house 
and boiler house. The window frames in the monitor to be fitted with 
swing sash, as shown. All double hung windows to be provided with 
strong turned iron sash pulleys, sash cords and round weights. 

All frames for doors and windows shall be given a heavy coat of 
paint before being placed in position. The sashes are of first quality 
white pine, divided into lights as shown on the plans, and glazed with 
second quality, double thick American glass. 

(9) PAINTING. 

* 

The contractor shall furnish all material and all labor for the neces- 
sary painting and oiling of the building. 

All door and window frames, sash and doors in the buildings, the 
exposed inner surface of roof or ceiling shall be painted with two coats 
of lead and oil paint of a color satisfactory to the engineer. All iron 
work is to be given one coat of paint before being set in place and one 
coat after it is in position ; but no cast iron shall be painted until it has 
been inspected by the engineer. 



Report of Committee No. 4. 

SACRAMENTO, Cal., September n, 1900. 

To the Citizens' Water Investigation Committee of the City of 
Sacramento — Gentlemen : Your committee appointed to investigate 
the proposition of obtaining a supply of water for this city in the delta 
at the confluence of the Sacramento and American Rivers, respectfully 
reports as follows : 

Guided by the recommendations of competent engineers, tests 
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were made in said locality by boring four wells to a depth of 60, 68, 72 
and 106 feet, respectively, and while in each of them a supply of water 
was found sufficient in quantity, the quality of the water throughout 
was such as to preclude the possibility of its being entertained for a sup- 
ply for this city. 

We herewith annex report of Mr. Howard Stillman showing the 
analysis of the water of each well at different depths, also a diagram 
showing the formation of the soil throughout. All of which being un- 
favorable and there being no reasonable chance of remedying these un- 
favorable conditions, we respectfully recommend that said proposition 
be abandoned. 

The total area of lands definitely secured by bond and lease for a 
period extending to July 1, 1901, would have been sufficient for all rea- 
sonable requirements in case this supply should have proven desirable ; 
these lands are, therefore, still available for other purposes in connec- 
tion with the water proposition should they be found useful or neces- 
sary. The total expense of our investigation is as follows : 

Cost of bonding and leasing lands $280 00 

Cost of boring four wells, including labor and 

materials 237 20 

Cost of analyses 48 00 

Total $565 20 

Respectfully submitted, 

P. C. DRESCHER (Chairman), 
J. H. ARNOLD, 
THOS. B. HALL, 
HERMAN H . GRAU, 
Committee on Supply of Water from Delta near confluence of Ameri- 
can and Sacramento Rivers. 



Report of Committee on American River. 

SACRAMENTO, Cal., June 1, 1900. 

Hon. L. Tozer (Chairman) and Members of the Citizens' Water 
Investigation Committee of the City of Sacramento— Gentemen : The 
investigation of the feasibility of a supply of water for the City of Sacra- 
mento to be taken from the American River and its tributaries, referred 
to your Committee on American River, having been concluded, the 
said committee respectfully submits its report as follows : 
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Two propositions were made and carefully considered, to wit : That 
of the North Fork Ditch Company and that of Mr. Wm. Muir, each of 
which will be considered herein separately. 

The final proposition of the North Fork Ditch Company with which 
we are dealing was submitted on the 22d day of May, 1900, after various 
propositions had, at different times, been made, none of which, how- 
ever, it was found could be legally entertained by the city, and said 
last proposition is in the language following : 

''The North Fork Ditch Co. hereby agrees to sell and convey by 
good and sufficient deed of grant to the City of Sacramento, one thous- 
and miners' inches of water from its canal, delivered at its Penstock at 
or near Orangevale, Sacramento County, for the sum of one hundred 
and twenty-five thousand dollars ($125,000) gold coin, and further 
agrees to give said city the right to buy five hundred inches additional 
water for the further sum of eighty thousand dollars ($80,000), said 
option to be exercised at any time within twenty (20) years by the annual 
payment by said city to said Ditch Company of four thousand dollars 
($4000) gold coin each year until said city either buys said additional 
water or notifies said company that it forfeits said option. 

"NORTH FORK DITCH CO. 
"By C. W. Clarke, President. A. N. Buchanan, Sec. 

"SACRAMENTO, June 1, 1900. 

"Referring to the option given the City of Sacramento to buy five 
hundred additional miner's inches of water at the agreed price of eighty 
thousand dollars, and the payment by the city of four thousand dol- 
lars per annum for every year up to the date of the said city's making 
written declaration either to buy, or forfeiting said right to buy, it was 
neglected to state that if the city elect to buy said additional water 
within ten years from date of taking said option, the money paid by the 
city for the said option, viz. : the four thousand dollars paid each year 
up to the time of electing to purchase said additional water, shall be 
applied as part payment on the purchase price as above set forth. 

"NORTH FORK DITCH CO. 

"By A. N. Buchanan." 

Your committee met at frequent intervals whenever the occasion 
demanded, interviewed at length various competent engineers familiar 
with the said American River and its tributaries, its various characteris- 
tics, stages and conditions during the different seasons, considered care- 
fully the report of Messrs. Cobb and Hesselmeyer, civil engineers, on 
the feasibility of obtaining a water supply for the City of Sacramento 
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from the North Fork of the American River, also other documentary 
evidence, and visited in a body and personally inspected the property 
offered and especially the location of what is known as the "Penstock, or 
Distributing Reservoir" of said company near Orangevale, also its new 
dam in the North Fork of said river near Auburn. Furthermore, inves- 
tigated the subject matter of this report by consulting many other parties 
thoroughly familiar with the locality through which the ditch of said 
company runs, and, in fact, gained knowledge from every source of in- 
formation obtainable ; and, after consultation with engineers of recog- 
nized ability and standing, find as matter of fact : 

That said North Fork Ditch Co. has a valid right to divert and 
draw from the North Fork of the American River a steady supply of 
3000 miner's inches of water. 

That at all times during the low stages of the water in the years 
1897-8, the lowest known for years, there were 3000 miner's inches of 
water available at the dam of said company. 

That about 1000 miner's inches of said water belonging to said com- 
pany have been previously contracted for by the residents of Orange- 
vale, Fair Oaks and vicinity. 

That said North Fork Ditch Company has about completed the 
building of a diverting dam in the North Fork of the American River, 
the masonry of which has been pronounced by competent authority to 
be good solid work, and will probably stand forever. 

That from the diverting dam the water flows through an open ditch 
or canal located on the west bank of the river and follows approximately 
the contour of the canyon through which said river flows, a distance of 
about twenty-five and one-half miles down to the top of a bluff near 
Orangevale, to a receiving and distributing reservoir. 

That from there the water would have to be conveyed in pipes to 
the City of Sacramento, a distance of approximately twenty miles. 

FILTRATION. 

That said water when delivered at the distributing reservoir, afore- 
said, is not free from impurities and suspended matter, and is objec- 
tionable and undesirable ; it would, therefore, be necessary to have the 
water filtered, which can be done at the distributing reservoir, thus pre- 
serving the gravity feature of the proposition. 

That by proper filtration said water can be rendered clear, pure 
and acceptable, as has been demonstrated by analysis made by "Purity 
Committee." 

COST. 

The probable cost of the aforesaid supply, based upon the best in- 
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formation obtainable, and on present cost of materials, which may fluc- 
tuate somewhat, is as follows : , 

Water right, iooo miner's inches $125,000 

Twenty miles of thirty-six inch wrought iron 

pipe . 600,000 

Settling ponds, filters, etc 150,000 

Bridge across American River for pipe line. . 25,000 
Ten per cent for contingencies 90,000 

First cost $990,000 

ANNUAL COST OF SYSTEM. 

Interest on bonds at 4 per cent, approxi- 
mately $40,000 

Sinking fund on basis of forty years 25,000 

Estimated cost of care of pipe line, including 
deterioration, taking into consideration 
the gradual decrease in interest 5,000 

Operating filter plant 12,000 



$82,000 
GRAVITY. 

The elevation of the distributing reservoir near Orangevale is some 
375 feet above that of Sacramento City, and the water would be de- 
livered to this city at a pressure of seventy pounds per square inch. It 
is contended that the necessity for pumping would be entirely removed, 
likewise the use of fire engines, as the pressure would be sufficient for 
all purposes. 

SUPPLY. 

Under the proposed system, one thousand miner's inches continual 
flow would be equivalent to 15,000,000 gallons per day, which is prob- 
ably double the average consumption of this city at the present time. 

In reference to the second proposition, or that of Mr. Wm. Muir, 
called the "Folsom Water Plant Proposition, " which in substance was 
the taking of water from the American River at a point just below the 
discharge from the Folsom Power Company's power house at Folsom, 
and conducting it thence to the City of Sacramento, it was found that 
there was no water available at the point of diversion not owned by 
other parties. It will, also, be remembered that Messrs. Muir and De- 
vine were enjoined and they thereafter abandoned their project. 
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This practically disposed of the matter and we find said proposition 
to be impracticable. 

Respectfully submitted, 

J. H. ARNOLD (Chairman), 
P. C. DRESCHER, 
HERMAN H. GRAU, 
THOS. FOX, 
F. E. SMITH, 
LEWELLYN TOZER, 
Committee on American River Supply. 



Final Report of Committee on American River. 

SACRAMENTO, Cal., January 7, 1901. 

Hon. L. Tozer (Chairman) and Members of the Citizens' Water In- 
vestigation Committee of the City of Sacramento — Gentlemen : Your 
sub-Committee on American River, in accordance with the request 
of your committee to submit an additional report relative to the prop- 
osition of the North Fork Ditch Co., amendatory of the report of date 
June 1, 1900, respectfully represents to your committee as follows : 

That the experience of cities obtaining a water supply through one 
main line of pipe has demonstrated the inadvisability thereof, and it is 
therefore recommended that in place of one main line of thirty-six inch 
^1 wrought iron pipe, as in said report considered, there be required two 

main lines of twenty-six inch wrought iron pipe, at a cost, based upon 
current prices, of $36,000 per mile, 
jf By reason of the gravity feature of this proposition, the water be- 

ing delivered at the city at a pressure of seventy pounds per square inch, 
the necessity for pumping into the city mains would be obviated, and 
from an examination of the expenditures of the present Water Works 
for a number of years past, it is probable that an annual saving could be 
made of $30,000 in the current expense ; likewise in the operation of the 
S Street sump, it is probable that a saving of $5000 a year could be made, 
and it is contended that the necessity for fire engines would be removed, 
at a probable saving of $5000, making in all an annual gain of $40,000, 
or, in other words, the interest on an expenditure of $1,000,000. 

The cost of the aforesaid supply, as amended, based upon the best 
information obtainable, and on present cost of materials, which may 
fluctuate somewhat, is as follows : 
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Water right, iooo miner's inches $ 125,000 

Forty miles, two lines, of 26-inch wrought 

iron pipe 720,000 

Settling ponds, filters, etc 150,000 

Bridge across American River for pipe line 25,000 

Ten per cent for contingencies 102,000 

First cost $1,122,000 

ANNUAL COST OF SYSTEM. 

Interest on bonds at 4 per cent, approxi- 
mately $44,880 

Sinking fund on basis of forty years 25,000 

Estimated cost of care of pipe lines, including 
deterioration, taking into consideration 
the gradual decrease in interest 5,000 

Operating filter plant, estimated at 17,000 



$91,880 
As heretofore reported, under the proposed system 1000 miner's 
inches continual flow would be equivalent to 15,000,000 gallons per day, 
which is probably double the average consumption of this city at the 
present time. Respectfully submitted, 

J. H. ARNOLD, 
HERMAN H. GRAU, 
THOMAS FOX, 
P. C. DRESCHER, 
Committee on American River Supply. 



Report of Committee on Analyses. 

SACRAMENTO, August 1, 1901. 

To the Citizens' Water Committee: Your sub-committee on 
purity of proposed supplies beg leave to submit the following report, 
appending a tabulated report in detail of the analyses of waters sub- 
mitted to them. 

As to the matter of the Sacramento River water, the experience of 
eastern cities experimenting with and using filtration systems, together 
with the evidence we have had in our investigations, would justify us 
in reasoning that the river water could be cleared of from 95 to 99 per 
cent, of bacteria, and matter in suspension, by the filter system pro- 
posed. The river water so modified would be an excellent supply. 
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The analyses of the test wells showed an excellent water for the 
city's use, perfectly clear and practically free from bacteria or any evi- 
dence of organic matter. 

The river water is exceptionally soft for domestic use and manu- 
facturing purposes. The test wells showed a water that was slightly 
harder, but still one that was well within the limits of what would be 
rated as good water for domestic or manufacturing purposes. 

The degrees of hardness of the different waters analyzed are shown 
in the appended table referred to, and their relative hardness is referred 
to the Sacramento River water taken as i.oo. 

It will be seen that the relative hardness of the test wells water is 
considerably below the limit of good water, namely, ten degrees hard- 
ness, or approximately 2.00 as compared with Sacramento River water. 

Taken as a whole, on the basis of the excellence of the river water, 
when properly filtered, and the good quality of the test well water, the 
people of Sacramento are to be congratulated on having two such good 
sources of water supply. 

It is the opinion of this committee that, owing to possible lack of 
care or ideal conditions at all times in the practical operation of a filter 
system, that the well supply would prove the more constant or uniform 
in quality of the two systems proposed. 

HOWARD STILLMAN, 
ANDREW M. HENDERSON. 



Summaryiof Proceedings. 

After organization of the General Committee it was decided that 
the sub-committees should gather, as far as practicable, all the facts 
obtainable in reference to the different schemes that would be pre- 
sented for consideration, and that, in reporting the results of their in- 
vestigations, no preference should be expressed in favor of any partic- 
ular plan. It is noteworthy that this provision has been strictly ad- 
hered to, as the whole subject-matter was by this means placed in the 
hands of the General Committee for discussion and final recommenda- 
tion of such plan as would best serve the wants of our people and the 
interests of the city. Of the five plans proposed and reported upon 
it was soon determined that the merits of the East Side Wells and the 
Sacramento River with filtration were the only sources of supply 
worthy of serious consideration. In passing upon the merits of the dif- 
ferent schemes it is proper to say that the considerations which have 
been weighed by the committees are substantially as follows : 



— 75 — 

MOUNTAIN SUPPLY. 

The sub-committee has been quite brief in making its report, but 
the conditions relating to this project do not seem to warrant any other 
conclusion than what it has reached. 

It is true that the thought of obtaining a pure, clear water supply 
irom the heart of the Sierra Nevada Mountains is an ideal one, but it 
can scarcely be seriously considered from a practical point of view for 
reasons which the sub-committee has made mention of. If there are 
those who still think such a project could be successfully consummated, 
either taken up by Sacramento City alone, or in connection with other 
large cities of the State, such as Stockton, Oakland or San Francisco, 
it is proper to state that having given this subject due consideration this 
committee would consider it impracticable by reason of its great cost 
and the further reason that with the Spring Valley Water Company es- 
tablished in San Francisco and controlling every known source of sup- 
ply within its immediate reach and with an ample supply of water for 
many years to come, it can safely be assumed that it will be impossible, 
from a financial point of view, for any other company or corpor- 
ation to gain a foothold upon a profitable basis in said city, and any 
proposition or discussion tending to show the advisability of carrying 
out such a plan can only be conceived of by men without experienced 
judgment or possibly by political demagogues, and certainly no com- 
bination of cities outside of San Francisco would feel warranted in 
undertaking so vast an expenditure for the results to be derived. 

Since the committee passed upon the merits of this plan a report 
and estimate of cost of a mountain supply has been furnished the San 
Francisco Board of Public Works by City Engineer C. E. Grunsky. 

It is inserted here because of its important bearing upon this sub- 
ject, as showing a conservative estimate of such a plan, by an engineer 
of well known and recognized ability. A San Francisco paper, com- 
menting upon the report says : 

"The report shows that the cost of bringing water from the Sierra 
Nevada sources for a delivery of 30,000,000 gallons per day in a single 
pipe line falls as low as 8.53 cents per 1000 gallons, and that if a double 
line of pipe be used the cost will be 9.63 cents per 1000 gallons. 

"When the works are planned with an expansion to 100,000,000 
gallons a day as ultimate capacity, the cost of the water delivered by a 
single pipe line would be 8.49 cents per 1000 gallons, and 10.39 cents per 
1000 gallons if delivered in two pipes, each having a capacity of 15,000,- 
000 gallons." 
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"City Engineer Grunsky states that the following figures are sub- 
ject to revision and may be used as a basis of what the cost of bringing 
water from the three sources named may be in the future :" 

YUBA RIVER PROJECT. 

Canal capacity from North Yuba River, at Alabama Bar, to Ore- 
gon House Reservoir, 30,000,000 gallons per day. 

Oregon House Reservoir storage capacity, 30,000,000 gallons. 

Single pipe, 56 11-100 inch diameter; 
capacity 30,000,000 gallons per 
day; via Carquinez Straits and 
under San Francisco Bay, cost. . .$21,605,000 00 

Investment per million gallons of 

daily capacity 720,000 00 

Cost of each million gallons deliv- 
ered 106 00 

Double pipe, each 56 11-100 inch di- 
ameter; combined capacity, 60,- 
000,000 gallons per day, same 
route ; cost $34,178,000 00 

Investment per million gallons of 

daily capacity 570,000 00 

Cost of each million gallons deliv- 
ered 81 86 

STANISLAUS RIVER PROJECT OR TUOLUMNE RIVER 

PROJECT. 

Canal and tunnel capacities, 100,000,000 gallons per day. All water 
to be stored. 

Single pipe, 48-inch diameter (taken 
from curve). Capacity 30,000,000 
gallons per day, via Livermore 
Pass ; total cost $18,400,000 00 

Investment per million gallons of 

daily capacity 613,000 00 

Cost of each million gallons deliv- 
ered 84 90 

Double pipe, each 36J-inch diameter; 
capacity 30,000,000 gallons per 
day, via Livermore Pass ; total 
cost 21,800,000 00 
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Investment per million gallons of 

daily capacity 726,000 00 

Cost of each million gallons deliv- 
ered # 103 85 

Double pipe, each 48-inch diameter; 
capacity 60,000,000 gallons per 
day; via Livermore Pass; total 
cost 29,260,000 00 

Investment per million gallons of 

daily capacity 487,000 00 

Cost of each million gallons delivered.. 69 57 

Double pipe, each 36£-inch diameter; 
total capacity, 30,000,000 gallons ; 
canal and tunnel capacity, 60,000,- 
000 gallons per day; total cost. . . 19,800,000 00 

Investment per million gallons of 

daily capacity 660,000 00 

Cost of each million gallons deliv- 
ered 96 25 

Single pipe, 48-inch diameter ; capacity 
30,000,000 gallons per day; canal 
and tunnel capacity 60,000,000 
gallons ; total cost 16,200,000 00 

Investment per million gallons of daily 

capacity 540,000 00 ? 

Cost of each million gallons deliv- ] 

ered 80 53 ' 

From the above it will be seen that $69.57 per million gallons is 
the lowest estimate made, which is about five times the cost of the com- 
mittee's estimate for clear water by filtration, two and one-half times 
the present cost of Croton water to New York City, and practically 
the same as the notorious Ramapo contract ($70.00), which was at- 
tempted to be forced upon New York two years ago. — "The Water 
Supply of the City of New York," p. 19. 

NORTH FORK DITCH. 
This project is practical and has its advantages and disadvantages. 
Its chief advantage is, of course, its gravity feature, and which is suf- 
ficient to eliminate the cost of a pumping plant and possibly do away 
with the use of fire engines in the city, although this has not been made 
clear. The quality of the water is perhaps as good, but no better, than 
our present source of supply, and so by its use filtration would become 
necessary and the cost of same would be materially above the sub-corn- 
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mittee's estimate for filtering the Sacramento River water by reason 
of its remoteness from the city and away from railroad communication. 
There is more or less danger of interruption by the breaking of the 
ditch between the dam and the reservoir near Orangevale (about 
twenty-five miles), but the greatest objection is the enormous first cost 
for piping and other necessary outlay (about $1,100,000), together with 
the positive knowledge that the life of the pipe system would not in any 
event exceed forty years, when it would be necessary to have same re- 
newed. 

JUNCTION OF SACRAMENTO AND AMERICAN RIVERS. 

This plan has had numerous advocates from time to time, some of 
whom were prompted to say to this committee that it would only be 
necessary to excavate cribs near the river to a depth somewhat below 
the low water stage, where an abundant supply of desirable clear water 
could be obtained without other expense than pumping. The fallacy 
of this theory was proven by the work of the sub-committee after con- 
siderable unavoidable delay and a moderate expenditure of money. 
The tests made have demonstrated that no large amount of water can 
be obtained except from deep wells and whatever amount might be 
developed would be of the most objectionable character, and, to go a 
step farther, it may be said that this seems true of all ground waters 
that have been obtained from any locality within the city limits, and 
as far north as the American River. It is, therefore, a fairly well- 
established theory that all sedimentary formations upon which the city 
is built are more or less impregnated with alkali, or mineral matter in 
solution, which make water from wells undesirable for domestic use. 
This, we think, has proven true with the water taken from all wells that 
have been sunk within the city limits, as it has been by the Southern Pa- 
cific Company upon its grounds, and also by others who have sunk wells 
at different points within the city, especially at the Pioneer Mills, 
Buffalo Brewery and Sacramento Swimming Baths. It is also in evi- 
dence that the Abbott & Henry wells, located near Guthrie Station, 
were not entirely free from this objectionable feature. 

EAST SIDE WELLS. 

This scheme has for many years had a large number of ardent ad- 
vocates who have contended that it was only necessary to go east or 
southeast from the city, sink wells, attach proper pumping machinery 
when an abundant supply of pure, clear water could be obtained. This 
plan would no doubt have had more friends at the beginning of the 
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committee's work had it not been for the unfortunate experience the 
city had some years ago with a private contractor, wherein the city 
came near losing its valuable water system for a long time, if not alto- 
gether. While it, is true that no good ground water, so far as known, 
has been developed from wells within the city limits, it is equally true 
that most excellent water has been developed far enough southeast to 
be entirely away from the sedimentary formation underlying the city of 
Sacramento. And the well tests made by this committee in January, 
1900, have shown conclusively that a large volume of excellent water is 
available at or near the place chosen for the experiment. It is also 
known that water of like good quality is found upon the Monte Vista 
Tract and points farther south, so it is evident that the advocates of this 
scheme have good grounds for their opinions, and that this plan is the 
only one comparable with the Sacramento River with filtration. 

SACRAMENTO RIVER. 

It has been well said by Engineer Hering, "Not a word need be 
said about the abundant quantity of water in the Sacramento River." 
And every Sacramentan knows that when freed from sediment the 
quality of the water is the most desirable of any within our reach. That 
it can be filtered perfectly at a moderate cost has been clearly demon- 
strated and shown by the sub-committee's report. 

FILTRATION. 

In the matter of filtration, the committee has given due consider- 
ation to the English, or slow method, but the reports received and con- 
sidered from other American cities have shown to its satisfaction that 
mechanical, or rapid, filters are best adapted for treatment of waters 
as turbid as the Sacramento River, and the estimates have been based 
upon that type of filters only. In support of this conclusion it is found 
that the cities of Pittsburg, Pa. ; Washington, D. C. ; Lawrence, Mass., 
and Albany, N. Y., where the water is comparatively clear most of the 
year, have adopted the English, or slow method, while the cities of 
Cincinnati, Ohio ; Louisville, Ky. ; Quincy, 111. ; Elmira, N. Y. ; Provi- 
dence, R. I.; Norfolk, Va. ; Kansas City, Kan., and other cities and 
towns of less importance, having either discolored or turbid waters 
similar to the Sacramento River, have adopted mechanical filters. The 
decision of the authorities of Louisville is regarded as of special im- 
portance in this connection from the fact that the water company there 
is operated independent of municipal control and conducted strictly 
upon business methods. Its Chief Engineer, Mr. Chas. Hermany, who 
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has operated the system for many years and conducted a long series of 
filtering tests under the direction of Mr. George W. Fuller, finally 
decided that mechanical filters were by far the best suited for waters of 
the Ohio River — his reasons being that the same results could be ob- 
tained at less cost, and the further reason that the machines were al- 
ways .under control and easily handled. The opinions of all engineers 
with whom this committee have consulted agree that equal results can 
be obtained with either system and that it becomes a question of econ- 
omy as to which should be used for the treatment of different kinds of 
water, and whichever may be adopted for the treatment of the Sac- 
ramento River water, the use of alum or some other coagulant would 
become necessary at all times. 

As a further evidence of the merits of mechanical filters for turbid 
waters, we quote from the recent report of Messrs. Rudolph Hering, 
George W. Fuller and Allen Hazen, on the "Methods of Purifying the 
Water Supply of the District of Columbia." 

"Within the past few months material improvements in mechanical 
filters have been developed in connection with several municipal water 
supplies. These departures from former types of filters, in a measure, 
are made possible by the expiration of the Hyatt patent. In our en- 
deavor to solve the Washington problem we have devoted ourselves to 
a careful consideration of the relative merits of these two methods in 
their most improved forms. 

"The question of deciding between the two systems of purification, 
with the improvements above indicated, is in some respects a difficult 
one. In character the water for Washington is intermediate between 
the waters for Pittsburg, where sand filters are best adapted to the con- 
ditions, and the water for Cincinnati, where American filters are prefer- 
able. If the Potomac waters were more turbid, or turbid for longer 
periods than the records show, mechanical filters would unquestionably 
have the preference. If it were less turbid, or if turbid periods were of 
shorter duration, the advantage would clearly lie with sand filters. 

"Our knowledge as to the results that can be obtained by mechan- 
ical filters rests more upon the experimental evidence than upon re- 
sults obtained in practice. Nevertheless, these investigations have been 
made upon such a scale and with such care as to give the greatest con- 
fidence in their results. " — "Purification of the Washington Water 
Supply," p. XV. 

CONCLUDING REMARKS. 

Your committee having exploited every proposition that has been 
presented, finds that the city has available two excellent sources of water 
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supply, to wit: The Sacramento River, with filtration, and the East 
Side Wells, either of which would no doubt be satisfactory if adopted 
and put in operation. The quality of the water from the two sources 
being satisfactory (after filtration of river water), the problem becomes 
a question of relative cost, with a possible lack of quantity in the minds 
of some from the wells supply. It is a well-known fact that the Sacra- 
mento Riv-cr affords an abundant supply at all times and there is no 
question but that it will continue to do so for all time to come, while, 
with the modern methods of filtration it can be made clear, sparkling 
and free from dangerous bacteria. This fact has been demonstrated by 
the tests made in this city during the Spring of 1899; besides, tests 
made at other points furnish abundant proofs. 

The quality of water drawn from wells during the tests made in 
January, 1900, is also satisfactory, though not quite as soft as the river 
water. The various reports of the sub-committees were, in the month 
of May, 1901, placed in the hands of Messrs. L. J. Le Conte and 
Rudolph Hering, civil engineers, for their consideration and recom- 
mendation. Their final reports are herewith appended. 



Final Report of Rudolph Hering. 

Meeting of the Citizens' Water Investigation Committee on May 
28, 1901, for the purpose of listening to the report of Mr. Rudolph 
Hering. 

Mr. Hering — Mr. President and gentlemen : When I was here be- 
fore, a year and a half ago, I looked over your situation, as you remem- 
ber, wrote you a preliminary report, and suggested to you what I 
thought should be done to solve the question before you. Since that 
time you have made certain investigations. Mr. Le Conte, of San Fran- 
cisco, conducted some experiments that were necessary to reach some 
conclusions on one of the propositions that you had before you, and he 
also made a report. Since that time, you have also, through your sub- 
committees,, made reports on different questions before you, on differ- 
ent means of supplying the city with good and wholesome water. As I 
was coming out here for another purpose, your Chairman asked me to 
look over this water question once more and give you my present opin- 
ion. I was fortunate enough to select a time when Mr. Le Conte was 
also here, and we have been together now for two weeks, spending 
some of our time on this vital question. 

Mr. Le Conte has informed me more in detail of what had been 



— 82 — 

done than I was cognizant of during my absence, and I have given the 
matter my best thought, and have tried to assist you in it so far as I was 
able, before I would leave. I asked Mr. Le Conte to aid me, because 
I found that I had a great deal to do in the other question and the time 
was short. 

Now, I have gone over the whole question in my mind again, and 
I will briefly' state to you my conclusions, and the way I arrived at them, 
and then afterwards I will be very glad if you will ask me as many ques- 
tions as you think will throw more light on the subject, and particularly 
to have you understand my own way of thinking, and the reasons for 
telling you what I am going to tell you. 

This whole question, in my mind, divides itself into three points : 
First, the quantity of water that you can get at the different places; 
secondly, the quality of the water, and, thirdly, the cost of supplying 
your city with the same. You have, I think, rightly narrowed the whole 
investigation down to two projects : One is the taking of the Sacra- 
mento River water and filtering it, according to the best known meth- 
ods, before piping it into your city and distributing it to your citizens. 
The other is tapping an underground stream of water in this neighbor- 
hood, which is already filtered water, and pumping it into your distribu- 
tion system. 

Now, to properly compare these projects, they should be compared 
on those three lines that I have just mentioned— 

QUANTITY, QUALITY, COST. 

With reference to the quantity, not a word need be said about the 
abundant quantity of water in the Sacramento River. But the quantity 
of water to be found in the underground strata is an important matter ; 
and, as we cannot see it running on the surface, like water from springs, 
or in brooks or rivers, we must have some other means of finding out its 
quantity, and that is largely by inductive reasoning. We know where 
this water originally comes from ; it all comes from the rainfall. 

Now, the rain water either runs off on the surface, or it percolates 
through the soil and runs off underground. Whatever is not disposed of 
in those two ways evaporates either directly from the surface of the 
ground or passes through the plants. There is no other accounting of 
the rain water. Now, you know what runs off on the ground, because 
you can see it and measure it. To determine the quantity of under- 
ground water you have to apply some reasoning ; and it was suggested 
here that, from geological conditions and from experience in the neigh- 
borhood, there was a flow of ground water east of the city. 
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The only doubtful elements were, "How much is there, and what 
is its quality ?" The first element was the quantity. A rough estimate 
convinced me, at my former visit, that there would be enough there to 
warrant a trial, and I so recommended to you. A test was made under 
some difficulties; nevertheless, what I considered a satisfactory result 
was reached. 

Now, in going a little further and following this question up, it 
might be well to consider the map of this neighborhood. The geological 
formation of the ground east of Sacramento, where this water comes 
from, is favorable towards having a good quantity of water. It comes 
from the mountains, and there is a very large area on which water may 
percolate into the ground and run under the surface to a lower plane ; 
and it is very evident from the map and from the gravel strata west of 
the mountains that a large quantity of water must flow towards the west 
and southwest. 

The tests that you had made only extended about 900 feet across 
this line of flow, and I might add here that this flow is demonstrated 
absolutely by the levels of the ground water surface taken at different 
points. The slope of the water surface causes it to flow. 4 

We have several ground water supplies in our country. There is 
one in Tacoma; there is a very excellent one in Newton, Massachusetts. 
The largest ground water supply in the world is in Brooklyn. And in 
Europe several of the largest cities are supplied entirely by the ground 
water, such as Dresden, Leipsic and Munich, cities ea,ch of over 300,000 
people. They get all their water from driven wells or galleries, some 
twenty feet or more below the surface and from water that flows 
under the ground instead of on the surface. 

Another question was, if there is a flow of water to the west or 
southwest, where does it go to? If it flows, it must be discharging all 
the time, and it does not go into the Sacramento River near the city, 
because it is lower sometimes than the river. We must satisfy ourselves 
on every feature of this question before we can say, with confidence, 
what the result will be. From this map which I have before me, I no- 
tice swamps near the river, and, by the contour lines, I see that there is 
plenty of fall and an opportunity for this water to flow down in a 
southwesterly direction and escape into the lower Sacramento River 
and other watercourses east of the Sacramento River and north of the 
San Joaquin River, so that the conditions which are found to exist en- 
tirely answer the question as to what becomes of this ground water and 
where it goes to. The tests were made along a line crossing this un- 
derground river, so to speak. Therefore, a portion of this under- 
ground river was intercepted by the wells on a line stretching across it 
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about 900 feet, and you got from this distance over 4,000,000 gallons a 
day. 

Now, you have yet four or five times that distance across this un- 
derground river before there is any reason to think that the flow will 
cease. Therefore, there is no question about getting all the water from 
this ground supply that you will need, for a long time. 

IT IS ENTIRELY SAFE 

To base an estimate of cost on 10,000,000 gallons of water a day, such 
as Mr. Le Conte has prepared, and I am confident you can get much 
more. There is no doubt at all about it, and the beauty of a system 
of this sort is that you can readily extend it as you need more water. 
In Winnipeg, Manitoba, I suggested an underground supply on the 
same lines, and I estimated that a series of wells about a thousand feet 
across the flowing stream might get enough water. They got all the 
water they needed within a hundred feet, and they still have nine hun- 
dred feet to go for more, if they want to. 

So far as the quantity is concerned, I am, therefore, satisfied that 
we have enough water here for your purpose. The question of quan- 
tity, therefore, does not decide the preference between river and wells. 

QUALITY— FILTRATION. 

The second point which might decide the matter is the quality of 
the water. The Sacramento River water must be purified, and there 
are two methods for doing this, which you have investigated — a purifi- 
cation by the rapid, or so-called mechanical, filters, and a purification 
by the slow, or so-called sand filters. The main difference between the 
two may be narrowed down to a question of speed. In the slow fil- 
ters you get water percolating slowly — a column of about ten feet high 
passing through the filter in a day. In the rapid filters, a column of 
water 250 to 300 feet high passes through the filter in a day, and this 
rapidity of filtration enables the filter to be made a great deal smaller. 
The purification of this water being the object to be accomplished, 
must, in the rapid filters, be assisted by an artificial film that is formed 
on top of the filters by some coagulant to strain out the bacteria. 

This coagulant is a sine qua non with the rapid filters, and in that 
way accomplishes the same object as the slow filters without a coagu- 
lant in all but very turbid waters. I am pleased to say that both meth- 
ods are to-day practically on a par for solving the important question 
of water purification. I have recommended both, and I am ready to 
recommend either under the circumstances that may exist in any par- 
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ticular locality. Large sand beds are sometimes very expensive, and 
at other times objectionable where the water contains fine suspended 
clay which will go through a slow filter, unless you use a coaguiant. 

On the relative preference of slow and rapid filtration of the Sac- 
ramento River water, you lack information regarding t the fine sus- 
pended matter. I think a coagulant is necessary at times for the Sac- 
ramento River water, even if you want to use the slow filter, and for the 
rapid filter you must use it all the time. You have made what seems 
to me an excellent, able report, and you have decided that you prefer 
mechanical filters to the slow filters. I do not see that there is much 
difference between the two in your case, so far as the quality of the 
resulting water is concerned, and, as a rule, there is not much differ- 
ence in the cost. 

When I say there is a little difference in the cost, I mean in the an- 
nual cost for such a system, which is the only proper way to estimate 
the value. The slow filters cost more money at the outset, but they 
cost less to operate. Therefore, the total annual expenses are some- 
times very close, and a decision is very difficult to make for that rea- 
son, and sometimes is based on other grounds than that of cost. So I 
think that your decision to use the mechanical filters may be a proper 
and a correct one. In any event, there should not be very much dif- 
ference, so far as the cost and effectiveness is concerned. 

Therefore, the quality of the water of the Sacramento River can 
be made so that it will give every satisfaction that you expect. It is 
a very soft water, very pleasant to the taste, and when it is deprived of 
its suspended matter and bacteria I do not think there is much bettet 
water to be obtained anywhere. 

THE WELL SYSTEM. 

Now, with reference to the well system. How is its quality to be 
determine^? You made an analysis of this water during your tests, and 
I understand it was of very satisfactory quality. The bacteria were, of 
course, practically absent, but it is a little harder than the water of the 
river. It is not nearly as hard as the Spring Valley supply in San 
Francisco, so that the hardness should not be considered an objection 
to that water. 

The question now is, Will that water, when you get your wells in 
operation, and your machinery pumping continuously year after year, 
change its quality from what your well tests showed? Will it re- 
main the same? 

In order to satisfy one's self on that question, it is necessary to 
study a little further into the history of the ground water before you 
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take it, and there the geological features come in. The rain water goes 
down into the ground, mixes with the sub-surface soils and sands, flows 
on the rock or in its crevices, and finally gets into the bed of ground 
water which flows toward the river or ocean. 

The absence of volcanic rocks and of limestone is a very favorable 
indication for the quality of this water, of which we can trace the his- 
tory and which does not flow a great distance below the surface. We 
are safe in saying that there is nothing by nature near the source of 
this water that is going to hurt it in the future. At other places where 
we have similar conditions and where ground water is obtained, the 
same conclusion was reached, and there has never been an unpleasant 
surprise where a proper and careful study has been made. 

I therefore feel quite confident that the quality of the water will 
always remain as it is. Its present softness is, in part, a confirmation 
of that conclusion, because it shows that the territory must be of such 
geological formation as we see it to be from the surface indications. 

There is another feature which relates, to the quality of the water, 
and that pertains to artificial influences. The surface of the earth is 
cultivated. Human habitations are there and cesspools are dug. Hu- 
manity may seriously alter watercourses. A city discharging sewage 
into a small river may change it very much. The question is. Will 
such a sewage pollution of this ground water take place? I think that 
the answer to that question is largely within your own control. 

If you see to it that no nuisance-creating establishment of any 
kind is erected in the direction where this water comes from, no very 
'deep excavations are made into which filthy and fpul matter is de- 
posited, you have it in your control. But, in your case, it would take 
an enormous amount of pollution of that kind to affect the water in the 
ground to such an extent that you would be able to notice it chem- 
ically or bacteriologically by analyzing the water that you would get 
in the city. 

The quantity of water is comparatively great, and its passage 
through the sand, acting as a filter, is doing precisely what you would 
do in your mechanical filter or in your slow filter, where the water 
passes through but a few feet of sand, and precisely what nature is do- 
ing through thousands of feet of sand when converting polluted sur- 
face water into spring water or ground water. 

If you can guard against such an extraordinary and unusual oc- 
currence as a violent pollution of this ground water anywhere towards 
the east and northeast, where, it is very clear, this water comes from — 
and there is no doubt at all that you can prevent it — you can rest ab- 
solutely sure that the quality of that ground water is going to be as 
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good and perhaps better than most of the artificially purified drinking 
waters that we have in this country and elsewhere. 

In fact, regarding quality, I would say you are safer with the 
ground water than you are with the filtered water, because nature 
works according to definite fixed laws, and if you only know them, you 
can watch and regulate. But a human being, operating a filter, is apt 
to slip up sometimes, and it is at least as probable that you will get 
improperly filtered water as polluted ground water, under the particu- 
lar conditions of your case mentioned above. 

I therefore honestly feel, so far as the question of quality is con- 
cerned, that there is again no decided preference between the two 
sources. One element of comparison still remains, and that is 

THE COST. 

In order to make a proper and fair estimate of the cost of works 
for the purpose of comparing their value, we must divide the consider- 
ation into three parts. Unless we do this, we are apt to mislead our- 
selves and form a false conclusion. The three parts are these : First, 
the interest on the capital which you invest at the outset. That is an 
annual expense that you have to pay, and is a fixed charge. Secondly, 
the operating expenses of your plant. 

With the filters, taking the water of the Sacramento River, you 
have certain expenses which are necessary to clean that water, and 
then others to pump it into the city. With the ground water system 
you have certain operating expenses to pump the water and deliver it 
into the city mains. The water is clear when you take it, and does not 
need purifying. Now, the comparison of expense should be made in 
such a manner that the water is delivered in the city in this pure state 
by both projects under exactly the same pressure. 

You have, therefore, to pump it higher if you get ground water, 
because the pumping station is further away from the center of popu- 
lation than if you take the water from the point where you would erect 
filters. Now, these conditions should be carefully equated, so that we 
are entirely fair in the comparison. In estimating the cost of purify- 
ing your water, you must take the best experience. The, cost of purifi- 
cation is confined, of course, to the river scheme, and does not apply 
to the other. 

We have, therefore, one element of relative uncertainty, although 
not a large one, in the estimate of cost in the purification scheme. I 
have gone over your estimates, and I am sorry to say that, in my opin- 
ion, the allowance for alum, which would be necessary in this case, is 
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too small. The cost which you would have to pay for filtering this 
river water by the mechanical filters, as I figure it out from your re- 
port, is less than what is warranted by the experience gained in the 
East, where there has been a good deal of it. 

I should certainly be afraid to make an estimate on the figure 
that you have taken, for I think that you will be obliged to use more 
alum than a half a grain per gallon. We have had experience in the 
East with waters which, apparently, are not as turbid as the Sacra- 
ment River water, and more than half a grain of alum has been re- 
quired. Engineers should not under-estimate the cost of their works, 
and when I say that I believe you should estimate on one grain per 
gallon for this water, it is because the data are lacking as to trie amount 
of suspended clay in your river water, which determines the amount of 
alum that must be used. 

From conversation, I have heard that there is a great deal of fine 
clay in this water, which keeps it in a "turbid state for quite a while. 
That is precisely the experience we have with the clay-bearing waters 
of the Mississippi Valley, and it seems impracticable to get that water 
clear, unless a coagulant is used all the time. You would very likely 
have to use more than half a grain per gallon. But the conclusion, as 
you will see, does not depend on whether you use a half a grain, or a 
grain, to the gallon. I merely think it my duty to tell you that, to be 
safe, I should estimate one grain rather than half. 

The next item of cost is the depreciation. Take a supply from 
the mountains brought in a stone conduit delivered into a masonry 
reservoir, and then into the city; the depreciation on that system is 
practically nothing. If it is properly built, it would last hundreds of 
years. A mechanical contrivance — a pumping engine, a boiler or 
something of that kind — we all know that they have a limited life, after 
which they are useless. We must get a new boiler, we must get a new 
engine, we must even get new pipes into the ground, and so on. 

Now, a proper method of comparing works of this nature is to al- 
low, annually, a certain sum of money which will not only keep the 
works in repair, but always in a permanently perfect condition, equal 
to the stone aqueduct. We make this allowance by placing a sum of 
money aside every year, sufficient in amount to rebuild the boilers and 
engines when they become worn out, replace the pipes and all the ma- 
chinery, put on new roofs and so on, so as to keep the plant always in 
a perfect condition. 

This method of comparing values we have used in all large cities 
and all large works. It is the same as used by a successful business 
man in order to determine what is the most economical project to 
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carry out. Now, the depreciation has been estimated to the best of our 
judgment, Mr. Le Conte kindly helping me in the same, and there has 
been added, in both cases, a sum of money which, annually set aside, 
will keep your works permanently in good condition. 

THE FINAL RESULT, 

Gentlemen, is this : Suppose that you use 6,000,000 gallons of water 
per day. You will have, for the filter project, an annual cost of $52,000. 
That includes the pumping of the water into the city mains ; and it in- 
cludes, in addition to the committee's report, an iallowance for an ex- 
tra half grain of alum per gallon. For the 6,000,000 gallons supply 
from the wells, these items add up, including the pumping of the 
water to the city, in equal quantity and with equal pressure, to about 
$37,000 per annum. 

You therefore see that the well scheme is very materially cheaper 
than the filter scheme. Making an estimate on supplying 10,000,000 
gallons, the results are as follows, making the same additions that I 
mentioned before. It is a cost of $83,300, as representing the annual 
expense for the filter project, and $59,961, say, in round tumbers, $60,- 
000, as the annual expense for the wells project. 

Now, gentlemen, the conclusions regarding the preference is, to 
my mind, self-evident. I have tried to build this whole question up 
from the foundation, gradually and consistently bring it to its legiti- 
mate conclusion, and you have the result clearly in favor of the wells 
project. 

QUESTIONS BY MEMBERS. 

The Chairman — Do any of the gentlemen have any questions? 

Dr. Henderson — There is one point, Mr. Hering, and that is why 
you judge that the cross-section there is so much wider. You say 
that we have experimented with a cross-section of 900 feet. Now what 
is the ground for judging that that cross-section could be doubled that 
we might go 1800 feet and obtain a corresponding result? 

Mr. Hering — This map is the ground for that opinion. 

Dr. Henderson — Yes. 

Mr. Hering — Mr. Le Conte calls my attention to the blue print, 
which shows the number of wells which have actually been sunk down 
there and where water has been found. But, irrespectively of that 
the territory is of such a nature that there is a wide expanse of water- 
bearing gravel lying across this plane sloping from the mountains. 
There are absolutely no indications, geologically, why there should be 
any sudden change beyond the 900 feet. The conclusion that you are 
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going to get more water, as you go along, as found in every similar 
case, is quite safe. 

The Chairman — Is there any reason to suppose that the under- 
ground water does not flow fifteen or twenty miles or to the Cosumnes 
River, for instance? 

Mr. Hering — Well, it very likely does flow that far. I don't see 
what reason there would be for it not extending to the Cosumnes River. 
The configuration of the land is such as to make it highly probable. 
But you will have to notice that we only have confined the estimates 
to 10,000,000 gallons, and there is no doubt about that quantity, gen- 
tlemen. 

Mr. Scott — You say that all this water in the ground comes from 
the rain water. Where does this artesian water come from that comes 
up from the pressure? 

Mr. Hering — That also comes from the rain, but it comes in a little 
roundabout way. It comes from rain falling on a higher territory, and 
it percolates into the ground and goes under some impervious stratum, 
and then comes up again. If the ground happens to be of a less eleva- 
tion, where it comes up, than the surface of this ground water reser- 
voir which supplies it, it will flow out of the ground. Water always 
seeks its own level, and when you have an artesian well, you know that 
the water comes from a reservoir which is higher than the ground 
where this stream of water appears. Such a reservoij- is nothing more 
nor less than the reservoir underlying the surface east of the city, which 
you have been tapping for your wells supply system ; only, in the ar- 
tesian system, the reservoir would be higher up, so that the water, seek- 
ing its own level, would come up out of the ground. But in every case 
the rain or snow supplies the source. 

Member of Committee — Mr. Hering, you say that the general con- 
tour of the ground, the general formation, determines you in saying 
that the quantity of water will be large, and almost uniform there? 

Mr. Hering — Yes, sir. 

Member of Committee — Well, does that also, the general forma- 
tion, determine your saying that the quality and the quantity will be 
uniform? 

Mr. Hering — Yes, sir ; I intended to have it inferred that the qual- 
ity would be the same throughout this territory, which is the feeding 
ground for the land to the east of your city. If it were not already 
proved, it can be determined very easily from existing wells. Of 
course, the more wells you examine the more you will know about the 
waters. 

Member of Committee — Well, supposing it should be found that 
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the waters vary materially in a short distance, where there would be 
apparently no good reason, only judging by the general appearance of 
the country, the contour of the country? 

Mr. Hering — The underground flows are like rivers. If the qual- 
ity of the water varies suddenly in a river, it is due to something get- 
ting into it, some change which, of course, you can see on the surface 
in the case of a river. If that change takes place in the ground water 
supply, it is due either to some mineral pollution getting into the 
stream while it is flowing down — and that you might expect to be 
fairly constant — or it is due to some surface pollution which you can, 
in this case, detect, because you can see what is going on at the sur- 
face. Therefore, this question of a change in the quality of the water 
is one that you have in your control. Where there is some mineral 
pollution through some subterranean fissure, discharging water from 
some lower and perhaps sulphurous rocks and so on, you could detect 
it now, and you have made your tests partly for the purpose of detect- 
ing such pollution. You did not find it. It is, therefore, pretty certain,, 
quite certain, that it does not exist, because that underground water 
that you tapped is not a lake, is not standing water, but it is running 
water, and if there had been a pollution of that kind by a mineral sub- 
stance you would have noticed it. You will find standing water, how- 
ever, on this territory here and there where you have clay pockets, 
such as we find in the State of Washington and in Brooklyn. I under- 
stand you bored through clay in this case. Then you may get the sur- 
face water which trickles down into these clay pockets and stays there 
and forms dead water that will dissolve matter out of the clay, which 
may give it an organic pollution. You would get the running water, 
the live water, because, if you did not, your pump would soon be dry. 
Now, you have made your tests and demonstrated the reasoning 
which you can apply to this territory, and you will find that reasoning 
is correct. So I see no doubt whatever in regard to the conclusions. 

GROUND WATER DEFINED. 

Dr. Henderson — I will ask you to define ground water a little 
more definite in reference to artesian well waters. 

Mr. Hering — Well, artesian well water, as I stated, requires a roof 
somewhere ; otherwise, it could not get the pressure to come up above 
the surface ; and that means it must be down pretty deep. These nat- 
ural roofs are not as thin and impervious as our artificial roofs. They 
may be hundreds of feet thick. 

Mr. Lindley — You do not consider this artesian water? 
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Mr. Hering — Well, artesian water, strictly speaking, is any water 
that will rise higher than the surface of the ground when it comes out. 

Dr. Henderson — The point I wish to raise, Mr. Hering is : Can 
you define the lower limit of the ground water? 

Mr. Hering — I understand that, as you bored these wells deeper 
the water came up higher. You bored through several clay strata. 

Mr. Lindley — I do not think that has been demonstrated in that 
test out there; perhaps it has in the gas well bored here in town. Our 
deepest well was cased all the way, but I do not think it was deter- 
mined that that water was higher in that well than in the other wells. 

Mr. Hering — Well, of course 

Mr. Lindley — But it is higher here in wells which were bored for 
gas. Nevertheless, we are all familiar with the situation. That hap- 
pened in wells that were iooo feet deep. 

Mr. Hering — Now, about three-quarters of a mile east of the city 
are those wells where a test was made — that is in what they call the 
•'Henry wells." 

Mr. Grau — That water was very hard. I do not know how deep 
the well was, but at the Buffalo Brewery we have three wells, one is 
130, 170 and another one 210 feet deep; that water is very hard. 

Mr. Lindley — Mr. Hering, you will remember it was the well we 
saw when we stopped at the brewery. 

Mr. Hering — That is possibly due to the fact that it comes from 
a different stratum — where you have a material which is more readily 
dissolved by water — or it may be due to the fact that the water is held 
in that sand, like in a pocket. For a long time it does not run so fast, 
and, therefore, when water lies in contact with rocks that contain lime, 
it dissolves some of it, and therefore gets harder. 

Mr. Grau — That underground water is further east or south- 
east. 

Mr. Lindley — I may facilitate that a little by explaining that this 
district where we bored is of lava or hard-pan formation — ground that 
you covered in your remarks is all of that same kind. As we approach 
the Sacramento River to the northwest part of town, there are sedi- 
mentary formations and alkali waters, and if wells were bored where 
waters are alkaline until all that would be drained off, which might not 
be for many years, this water would naturally be a little harder. We 
find that existing in all waters as near as we can judge, which lie to 
the northwest of the Burns slough that runs along near and northwest 
of that brewery, and as we go west on all these waters and cross the 
Sacramento River they grow harder. In fact, looking at the history of 
the waters in this State, the waters which flow from the Coast Range 
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mountains are several degrees harder than those which flow from the 
Sierra Nevadas ; and the surface wells which are in the town of Sacra- 
mento, northwest of this slough, are different from those southeast of 
the city.. In fact, there is one district to the northwest of this slough 
and in the city, which is called "Alkali Flat." Now, the water which 
flows through this alkali section would naturally leech out some of 
the alkali from the soil, and therefore become harder. Does this ex- 
planation seem reasonable to you? 

Mr. Hering — Yes, sir ; that is the condition of the ground. There 
is no question about that. But these isolated wells are not a safe basis 
upon which to judge the water you are going to get when you pump 
large quantities. You will remember, perhaps, that I stated in my 
opinion that nothing but an actual test, pumping out millions of gallons 
for some days, would decide the question of quality. 

Mr. Lindley — Did you see the report of the test made at the be- 
ginning of the pumping, and at the ending of the pumping? 

Mr. Hering — I think I did, but I do not remember just now. 

Mr. Drescher — As I understand your theory, Mr. Hering, the idea 
is that this water, this ground water, flows like an underground river? 

Mr. Hering — Yes, sir. 

Mr. Drescher — And that on account of some of these wells some- 
where striking unfavorable conditions, mineral or otherwise, the water 
may be changed from the natural condition, may assume some of the 
mineral, and that can only be found by actually testing it. According* 
to your theory, water may be found in one place all right, and in an- 
other place not far distant you may find water, and, while the ground 
indications and the surface were the same, yet nevertheless you may 
find the water entirely different on account of the mineral stratum that 
contaminates. « 

DRAINS OUT POCKETS. . . . «tf ; 

Mr. Hering — Please remember that, when you have a pumping' 
station, you pump out 10,000,000 gallons to-day and 10,000,000 gallons 
the next day, and so it goes on until you pump out billions of gallons — 
that causes this water to flow better to your wells than at first. These 
little pockets that may exist now will be drained out, because you put 
the ground water level lower than it was before, and that causes these 
places gradually to drain out. And I may also state what I have per- 
haps omitted. In reference to lowering the ground water there has 
been quite a little discussion in the United States, particularly in the city 
where I live. The city of Brooklyn has been threatened with suits ex- 
tending into the thousands of dollars for lowering the ground water. 
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Now, that seemed to be a very serious question in the minds of some ; in 
fact, it was thought that the city would have to pay a large sum of 
money, because the farmers claimed that it injured their crops. They 
could not raise the same crops after 1894, when these particular wells 
that controlled that territory where the suits were, were opened. After 
that year the crops failed. Now, that seemed to be a pretty bad con- 
dition of things, and the first case was decided against the city. I was 
called into that case, and had to study up the matter and testify in a 
number of suits, and it was necessary to get evidence, not how much 
the ground water was lowered, because that we know from the tests, 
but what effect the rain water has on the elevation of the ground water, 
and how the ground water level affects the crops. You may at once 
recognize the fact that, if the ground water level is twenty-five or fifty 
feet or a thousand feet below the surface is is not worth any- 
thing to the crops. The question is, How near the surface 
must it be? Well, I searched in Europe and finally I found 
the best place to get that information was in Berkeley, Cali- 
fornia — from the University of California. Professor Hilgard 
had made some tests on that particular point. Later, I got some from 
Wisconsin. Later, last year, I found some in Germany, but the infor- 
mation is not very bountiful, but still it is sufficient to establish the facts, 
and my attention was called to the question, What will the damages 
amount to here in case the ground water supply is affected? Well, the 
experiments here in California indicate that the ground water level — 
the water, by capillarity, will rise during the dry season in different 
soils to different hights. In the coarsest soils and gravels it will rise 
only a very short distance, and nothing in the world will draw it up any 
higher. Sand will allow the water to be drawn up about eighteen or 
twenty inches higher. Clay, which has the finest pores, will draw the 
water up higher than anything else, and they found here that fifty 
inches was the maximum limit to which the ground water would be 
drawn up by capillarity, but that is in arid climate such as you have here. 
In Wisconsin the results were different. Roughly speaking, the coarser 
materials, of course, gave the same results, but inasmuch as the soil is 
saturated with water, or is moist, for it rains there every month in the 
year, and it keeps the water percolating through the ground constantly, 
and the water from the ground water level will constantly draw up 
higher, and there the maximum limit at which Professor King could 
find ground water rising up was ten feet, and that was in coarse clay 
soil ; in sand, of course, it was very much less, not half that distance. 
And of course the same results were found in Europe. They will have 
to be found everywhere, because those are physical laws. 
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Well, now, that demonstrated that these farmers in certain cases, 
where they said that their crops ceased in the year 1894, and who 
claimed damages, never could have had any benefit from the ground 
water at all, and by lowering it below that level, if it could not benefit 
them, why it could not injure them. And so there was another point 
in these cases. In one case, there was a salt water slough between a 
man's property and the pumping station, so that it was utterly impos J 
sible for the pumping station to draw any water from his land, because 
his water went into the salt water, and the pumps never pumped more 
than just enough not to draw that salt water. They did not draw his 
water, which would have to run across the salt water into the pumping 
main — an absolute physical impossibility, yet that case was decided in 
favor of the complainant, and he got his $6000, and that case has been 
quoted all over the country, and he never should have had 60 cents, 
because the pumping station could hot have drawn on his water. Then 
why did those crops cease to grow in 1894? What was the trouble? 
It happened just at the time when those pumping stations were put in. 
Well, I found in going back to the rainfall records, and raking up all 
the facts that we know, we will have some beginning on this subject. 
I found in 1894 there was a drought. You know the crops need water 
when they sprout, and then they do not need it at certain other times. 
Well, it so happened that, when the crops needed the wajer, there was 
none. It did not rain there for twenty odd days at one time, and then it 
rained when the crops were small. At the period of germination they 
needed a great deal of water, and they lost that power of growth, so 
that the crops were not good, and that happened in 1895, 1896 arid 
1897. We had a few years of drought just as you have had recently in 
California. They were at different years with us. And of course the 
farmers blamed the city for that unfortunate condition of things. And 
there the rainfall records show that beautifully, so that the recent de- 
cisions in those cases have been very different from the decision in the 
first case. 

GOOD TIME FOR TESTS. 

Member of Committee — Now, Mr. Hering, that may lead to a 
question in our case. Suppose that we had three or four dry seasons, 
would that affect the ground water? 

Mr. Hering — There is no question about its affecting the ground 
water, and when I was here eighteen months ago it just happened 
to be at the end of those dry. seasons. And I remember speaking to 
the gentlemen and telling them that you will have no better time, per- 
haps, to make your tests than just now, and the tests were made just at 
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that time. Therefore, the results are safe, and if you discount it further, 
you can do so because there is no reason why you could not extend 
your gallery just like they do at other places and intercept more of this 
water. Therefore, again, there is no question about the quantity being 
sufficient, as you have a right to expect from your own experiments. 

Mr. Hall — Mr. Hering, there seems to be a misapprehension at 
least on the part of some of this committee as to what water we are go- 
ing to draw from. Now there is, and always has been, a prejudice 
against shallow wells. I think that, if we should say that we are going 
to draw the water from shallow wells, the people would be up in arms 
opposing any proposition for getting water from the east side. The 
committee and the people have always been laboring under the belief 
that we were going to tap some subterranean stream that would afford 
an ample supply of pure water, free from contamination of the shallow 
or ground water, as you term it, which water is found within fifteen feet 
of the surface ot the ground. Now, of course, upon your theory we are 
going to draw entirely from the ground water, which we have always 
held to be objectionable. Do you mean to say that the rain water 
that is precipitated on the surface will come in contact with the ground 
water, or is the ground water independent of the surface water? 

Mr. Hering — Because there are impervious strata of clay, twenty, 
thirty or forty feet thick, there is no chance of this surface water sup- 
plying rhe ground water in this immediate territory. Of course we get 
the original rain water that was precipitated at some point where it 
could enter these strata of ground water, but they are not in the imme- 
diate neighborhood of the city. 

Mr. Hall—Then we would not draw any of the surface water and 
moisture from the farming section near by, as the surface water would 
not enter into the supply that we were pumping from, would it? 

Air. Hering — There is no question, in my opinion, that you would 
get no water worth speaking oi, if any at all, from the immediate neigh- 
borhood, excepting what irrght percolate right along inside of your 
wells which you put in there. 

LEGAL SITUATION. 

* 

Air. Lindley — I would like to finish up on that legal point — that is, 
relating to the rights to the water. I think that that is one of the most 
important factors here. And from studying the situation, it seems to 
me that we can eliminate almost entirely the objection as it appeared at 
Brooklyn — that is, that we may affect the crops. The only damage we 
could do would be in cawing those using small wells to go deeper for 
the water obtained mainly by the aid of windmills. 
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Mr. Hering — That is unquestionably so; but there is another mat- 
ter which must be taken into consideration, but for which the damages 
would be very light, and that is the lowering of the ground water which 
is now pumped up for local use. 

Mr. Lindley — The only question is whether we would be liable 
for damages if we compelled these people, who have been using this 
water for years and years, to use extra power to raise this water — would 
we have to compensate them for the extra power? 

Mr. Hering — I would say that you would have to compensate them 
for whatever damages they have suffered and which were caused by 
any action of vouis; but, as you say, that is confined to this small area 
which we call the "cone of depression." It is very small and it would 
affect but a few wells, and the damage would be so slight that it would 
be a great deal better to do what they neglected to do in Brooklyn — 
namely, to go to those people and get a release from them, or pay them 
something, so that there will not be any lawsuits afterwards. If the 
city of Brooklyn had done that, it would have savea money but as it 
is, damages will have to be paid to a certain extent. 

Member of Committee — What would that damage be in a case 
like this? 

Mr. Hering — So far as the information which I have goes, it is 
physically impossible to damage their crops by the water that you take 
out. Where you lower the wells there would be a slight damage, but 
that is insignificant. 

MATTER OF CESSPOOLS. 

Mr. Hall — The point is whether or not the local precipitation or 
surface water will come in contact with and affect the ground water. 
You spoke about the cesspools being liable to contaminate the supply 
if they were sunk six or seven feet deep. 

Mr. Hering — Well, I want to be very cautious in all of my work r 
and so I alluded to all those things which might be thought of by per- 
sons, and wanted to consider them and give them their value, and that 
is the reason I mentioned them. But I will say that, from the near ter- 
ritorial area within a mile or two of these wells, you woufa probably 
get practically no surface water at all, not only because of the clay 
strata, but because of the fact that you would get very little water any- 
way from a square mile. The calculations that are made indicate that 
the quantity might not be more than 100,000 gallons in one mile of 
territory. You will need 10,000,000 gallons eventually. You may, 
therefore, have to draw from 100 square miles and more, and would get 
very little from this near territory, because you are drawing the water 
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under clay strata, and most of it comes from a greater distance. 
Therefore, that difficulty, the more you look into it, disappears more 
and more, and it is quite insignificant even should it exist at all. 

Mr. Hall — Mr. Hering, we find this ground water at a depth from 
twelve to fifteen feet below the surface, and if we put in pumps we 
lower it perhaps to twenty-five feet, and this is the water that you are 
.going to deal with. Now, the idea of this committee has been that the 
wells should be put down with a double casing until an impervious 
strata of clay has been reached, and then continuing down with the in- 
side pipe to a good water-bearing strata of sand or gravel, when the 
water developed would raise in the pipe up as high as, and flow into, 
the conduit, which would be water-tight and no water would come into 
it except from the wells. Your theory is entirely different from ours, 
as you deal with the shallow ground water which we have been trying 
to avoid. We were intending to go down and tap some independent 
strata of water below the clay stratum. That is the idea that has pre- 
vailed with many of the committee, and is the impression, I think, that 
has gone out among the people : that we must get a supply of water 
below this ground water in order to avoid pollution or contamination. 

Mr. Lindley — There is nothing in the report of the Committee on 
Wells that bears that out. 

Mr. Hering — I certainly never got that impression. Moreover, 
the contrary seems clear and evident in that report from the very fact 
that you have lowered the surface water in drawing from those wells. 

Mr. Hall— That is what we did. 

Mr. Hering — In my preliminary recommendation I stated that be- 
fore any tests should be commenced you should go to all the existing 
wells — I stated about how far — and take the level of the surface water 
before you began pumping, so that you would know how far the pumps 
drew. There was no anticipation that you were not going to get that 
water. The test was made for the very purpose of getting it. You do 
not know what you are getting when you go into deep wells. But this 
water that is not so far down is within our grasp ; we know about it and 
we can control it. We know what it is. and it is nothing else 
in the world but the same water you get in any dug* or driven well. 
Rain water is the dirtiest water that we have except sewage. Bacteria 
are necessary to purify dirty water, working by the myriads. We can- 
not raise plants without the action of bacteria. This water, which is 
charged with impurities on the surface of the ground, percolates down, 
is purified and supplies our springs. The surface water is the dirtiest 
water, and by the percolation it has become pure. When we can select 
^ * sand and have everything perfect, we require only three feet of 
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slow percolation through the sand to purify the ordinary river water. 
Five feet would purify the strongest sewage that we have — make per- 
fectly good water of it. The well water that we would get would be sim- 
ilar to, and even better than, the water that we now get from these 
wells twenty or thirty feet deep. If you pump out the water by the 
millions of gallons, clay pockets do not count. You could pump them 
out in a short time. 

Mr. Hall — Perhaps it is just a misunderstanding of terms. 

Mr. Hering — It is a very good thing to explain terms before be- 
ginning a discussion, because many misunderstandings arise from the 
fact that one person understands one thing and another understands 
something else, and so of course you are really not talking about the 
same thing. By ground water, I mean that water which is found here 
under this ground, about twelve feet below it. It is found about that 
far below the surface of the ground, and it is the upper surface of the 
body of water which has a slope of about four feet to the mile and Is 
Tunning in a southwesterly direction. That is the underground flow of 
water which you should tap. 

Mr. Hall — I understand thoroughly what you mean. I only make 
these statements because there is a misapprehension on the part of 
some members of this committee and on the part of the citizens gen- 
erally. We always considered it absolutely necessary to go below this 
ground water and take a supply from the deep subterranean channels 
that probably take their source ioo miles distant. 

PUREST WATER IN NATURE. 

Mr. Hering — I should not call that ground water shallow water, 
•excepting in contradistinction to artesian water. But whatever name 
you give it, the water I mean should not be understood to be the water 
that is polluted from the surface, but that water which has been puri- 
fied in its passage through the soil by bacteria. The water, at the sur- 
face of the earth, is that which percolates through the upper layers and 
forms the spring water, or rather the ground water which supplies the 
springs, and which is the purest water that we have in nature, and its 
purity is obtained by the action of bacteria alone. A filter must, there- 
fore, be so constructed that the bacteria can act. If the water gets cold, 
many of them die off. If you put a little poison in the water, you kill 
the bacteria, and the water won't be a bit purer when it comes out than 
when it goes in. Nature has been following this method of purification 
for thousands of years. You cannot get good water immediately 
through your filter, as it takes time to adapt the bacteria to do their 
best work. They do not get ripe, as they call it, at once. They do not 



— IOO — 

get ripe for a few months. Then just the right species are there, and 
they begin to do their work up to their greatest ability. In this way 
we purify the foulest sewage matter by slow percolation through only a 
few feet of the right kind of sand. 

Member of Committee — Now, Mr. Hering, why is it, in most 
cases, the wells are double cased and filled with cement, you know, 
down forty or fifty feet? Isn't it done for the purpose of preventing the 
water outside from running along inside of the wells? 

* 

Mr. Hering — That may have been stated as the purpose. 

Member of Committee — Well, they generally have a shoe running 
down? 

Mr. Hering — Yes, sir. But the reason for that sort of protection 
originally resulted from the fact that the surface water would run down 
on the outside of the pipe. Let me say that, whenever we have a smooth 
surface, such as the outside of a pipe, and have gravel stones around 
them and sand, we have larger interstices adjoining this smooth sur- 
face than away from the surface. A great deal more water runs right 
along the smooth surface through the larger interstices than away from 
it, and runs down without purification. It does not purify at the greater 
depth. The bacteria need oxygen. That is the reason I said you should 
have shallow cesspools on the gathering territory for the water. The 
polluting elements should not enter very low, as the bacteria are thus 
deprived of the oxygen which they need. Twenty years ago very little 
was known about this subject. Pasteur started it, and since that time 
the Germans and English have developed it, and in Massachusetts the 
State Board of Health has placed it on a scientific basis. We can now 
take the sand and analyze it mechanically, get the proportions of the 
sizes of the grains, and foretell how much sewage of a certain strength, 
how much water with a certain amount of oxygen and a certain amount 
of organic matter in it, can be purified by percolation at different rates. 

WELLS SHOULD BE DEEP. 

Mr. Lindley — Mr. Hering, I think that Mr. Hall touched on a 
point that it would not hurt to discuss, because it is something that 
will have to be talked with the people of the town when the question 
comes up, and that is the difference between a house well, such as used 
here in early days, and the wells which we bored and tested southeast 
of here. The people have a prejudice against those house wells, and 
they naturally will attribute all the evils of those wells to the wells pro- 
oosed for the city. 

The Chairman — I think Mr. Bishop is familiar with the digging of 
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wells and the depth. It would be well if he would tell us about what 
depth one would have to go before he can find anything that seems per- 
manent in a supply. 

Mr. Bishop — On an inspection east of the city we find what we 
consider the best water there from sixty to seventy-five and eighty 
feet for family use. In the surface water wells there, twenty or twenty- 
five feet deep, the water is very poor. The people out there using that 
kind of wells are sick all the time, mostly with malaria. Pretty near 
all of them are made deeper now. They have a soil there from one to 
three feet deep, and they have what they call hardpan, and then it usu- 
ally tapers off into sand. When they first strike ground water, then 
there is sand and gravel down about twenty-five or thirty feet — it varies 
somewhat. Then we find a body of clay varying from ten to thirty or 
forty feet thick. People using water coming from that depth below the 
clay stratum do not get sick at all. 

The Chairman — Now that leads up to a question. I understand 
you to say that below the soil there is the hardpan, and then below that 
is sand. At what depth do you strike that sand? 

Mr. Bishop — In some places there is sand about twelve or fourteen 
feet. 

Mr. Hering — I do not know whether it is so here, but the custom 
is in many cities to dig cesspools down until they strike sand, so that 
the water from them will percolate into the ground and disappear and 
not fill up the cesspool. It is then called a leeching cesspool. Now, 
then, that is a condition which will unquestionably pollute the water in 
that stratum of sand into which your cesspool discharges. That is why 
I say the cesspools should be shallow, and the bottom should be near 
the surface where the bacteria could purify the water. I mentioned 
that this condition was the only one that affected the quality of the 
water, which you should understand and know about. You can pre- 
vent it legally, because it is just as objectionable, and perhaps even more 
so, to pollute an underground stream of water, as it is to pollute a sur- 
face stream of water. As soon as it is established that the ground water 
makes a running stream — I don't know just how the law is in this State, 
but in some of the Eastern States a stream cannot be polluted, whether 
surface or sub-surface, and the law seems a reasonable one — you 
should, therefore, see that your underground river is protected from 
pollution. Take the city of Louisville, Kentucky. They have flowing 
under that city just such an underground river as you have here. The 
slope of the water is just about the same. The city is also built on a 
slope, and they have pump wells to supply the poor people with water 
at almost every block. Many people want that clear ground water. 
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They have been drinking it, because the Ohio River was so turbid and 
dirty. And yet in that very city, and on the higher grounds where all 
the wealthy people live, the cesspools were dug down directly into that 
same stratum of sand through which this water flowed down to the 
lower parts of the city. When I was examining that city, I had a small 
keg of coal oil put into a cesspool on one of the lots up town, and with- 
in a few days the pumps below were complaining because the water of 
the wells tasted of coal oil. You must not get your cesspools down deep 
enough, so that this water in the cesspools will leech out and be at a 
Jevel below which it cannot be purified by the only purifying means 
that we know of — bacteria. If you have the shallow cesspool, such as 
they have in the country houses, here as well as in the East, why there 
is no such danger. The water percolates laterally into the soil near the 
surface — I mean in shallow cesspools. 

Mr. Scott — I know a man up here on E Street who dug two cess- 
pools, and then dug a well and the water from the cesspool goes into 
that well. 

Mr. Lindley — Now, there is a great difference between one of these 
wells, which are used moderately, and such wells as are proposed for the 
city water supply. In other words, there should be no prejudice against 
those wells on account of the prejudice that exists from slightly used, 
shallow wells that existed here in early days. 

Mr. Hering — No; and there is still another reason. You look at 
the map. This water comes from the east and it flows in a westerly 
direction, and then turns down in a southwesterly direction and passes 
by the city of Sacramento. There is very little circulation, if any, of 
the water right under this city. It is off the line of flow. I hardly think 
that you get any circulation of water under the city. There is no appar- 
rent reason for it on the surface. All the apparent conditions would 
make you think that there could not be any, and that is more or less 
dead water. 

The Chairman — The Sanborn well, how would it be in that local- 
ity? 

Mr. Lindley — Right in there are some wells. We drove around 
here and struck the railroad over here and came in that road. Now, 
right off there is the Sanborn well. Here were the test wells. (Point- 
ing to the map.) 

The Chairman — Would you think there is a circulation there? 

Mr. Hering — There are no indications that there would be any 
circulation there. I think this map shows better. Here is the Ameri- 
can River. Here is the Cosumnes River, and the ground water flows 
like that (showing). The next map shows where the water comes out. 
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WHERE TO SINK WELLS. 

Mr. Grau — Where are the test wells here now? Now, suppose thr 
city would buy a large tract of land, which way would they have to go? 

Mr. Hering — They would have to go southeast from these test 
wells. 

Mr. Hall — The strata of water 150 or 200 feet below the surface,. 
being below the sea level, do not flow like the surface or ground water. 

Mr. Hering — The further down you go the less natural circulation 
the water has. 

Mr. Hall — In all of these deep strata there would be absolutely 
dead water unless there was a break somewhere in the formation of the 
ground, which would permit it to be forced to the surface by artesian 
pressure. 

Mr. Hering — The same water may have been lying in these reser- 
voirs for a thousand years and may never have moved. Take an ar- 
tesian well. The water must come up to the surface to flow. All water 
that flows to-day has got to have its outlet above sea level. 

Mr. Lindley — Have you the geological map of this section? 

Mr. Hering — I have not the geological map of this territory. 1 
have asked for it, but it is exceedingly difficult to get. 

Member of Committee — There is one point, Mr. Hering, with ref* 
erence to the ground water. Suppose the citizens would demand water 
coming from a hundred miles, is there any reason why the larger part 
of this water does not come a distance of at least 100 miles? 

Mr. Hering — Some of it comes from a distance of more than io<t 
miles. 

Member of Committee — These deep cesspools that we do not com 
trol — to what extent do we have to control them? f 

Mr. Hering — I mentioned the effect of deep cesspools to you, but 
it would be insignificant in your case. A few of them, in that vast ter- 
ritory, would be an insignificant factor. Now, take Brooklyn, for ex* 
ample. That city is growing out over these wells where they are pump- 
ing ground water. Ten years ago the Long Island Water Supply Com- 
pany had a plant of wells supplying the town of New Lots. It wanted 
to sell, or the city wanted to buy. There was a committee appointed 
to take testimony on the valuation of the supply. I was one of the wit- 
nesses for the city. My testimony was to this effect, that, in fifteen 
years, the population would have increased on that territory to such an 
extent — I forget now how many per mile — that the water would no 
longer be fit to use, because there would be so many cesspools, sewers 
and all that to pollute the ground water. That water to-day is almost 
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objectionably polluted. A valuation which was given at that time 
would be almost nothing to-day, because the water is gradually becom- 
ing polluted. If your city grows out to the wells, gentlemen, you want 
to examine that water very carefully, and perhaps finally abandon it. 

ESTIMATED COST. 

Now, let me tell you something more, gentlemen, which I have not 
yet told you. On a 10,000,000 gallon basis, there is a saving of $23,000 
a year to the community by using the wells over using filtered water. 
In five years that would be $100,000, and in ten years it would be $200,- 
000. No serious pollution can take place there in ten years, and you 
have got $200,000 in your pockets. Even if you change your supply at 
that time, you have saved that much money to help make the chajige. 

Mr. Lindley — Now, suppose in the filter plant that the actual re- 
sults show that there is 2 per cent of the bacteria in water. Now, what 
would be the relative difference between the 2 per cent of bacteria that 
would be left after filtering river water and the pollution which would 
naturally be caused by agencies affecting wells? 

Mr. Hering — You could not detect it at all. The number of bac- 
teria in water is something extremely elastic. I think, though, you 
ought to do better than 2 per cent. But this calculation of percentage 
is altogether misleading. The Germans have the only right standard 
The percentage is no criterion. You should fix your standard by say 
ing we will have so many bacteria in a given amount of water. The 
•German standard is 100 bacteria to the cubic centimeter. 

Member of Committee — Compared to the liability of pollution from 
any new feature of that kind developing there, there would be the same 
liability, or even greater liability, if the river water were used, would 
there not? 

Mr. Hering — The filters, if they are always properly operated, 
should keep these bacteria out. 

Dr. Henderson — Our river water has only about 500 or 600 bac- 
teria to the cubic centimeter. 

Mr. Hering — It depends altogether on what class of bacteria you 
have. Of disease bacteria, you do not want one in the water, if you can 
lceep it out. Fortunately, we have found that the typhoid bacillus may 
he kept out by the filters. This is evidence of an inductive kind, which 
is very strong, that the filters do keep these bacteria out. We know 
what the death rate of typhoid fever and certain diarrhoeal diseases has 
heen before filters had been introduced. Then filters were introduced 
into a city and the death rate of typhoid fever and diarrhoeal diseases 
dropped immediately. That has been the case in England and Ger- 
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many, with no exception. It has been the case in our country where 
the examinations were made. As soon as you have filtered water, ty- 
phoid fever goes down. 

ALUM IN FILTRATION. 

Mr. Lindley — Now, if that water could be cleared by half a grain 
of alum by the mechanical process, would not that be an indication that 
it could be filtered by the slow sand filtration process? 

Mr. Hering — Not necessarily ; no, sir. 

Mr. Lindley — What I mean is, the trouble in the slow filter would 
be fine suspended matter, and would this half grain of alum conquer 
that? 

Mr. Hering — Oh, much less than that on the average, and only at 
such times when this turbidity caused by fine clay exists. I do not 
think that condition exists all the time. In Washington we expect to 
use alum for about ten days in a year ; on the other days it would not 
be necessary. 

Member of Committee — NoW, Mr. Hering, what becomes of the 
alum that is used in filtering water? There are some of the gentlemen 
here who are afraid as to what becomes of it. Does it ever go into 
the water? 

Mr. Hering — If the water is hard enough to re-act on the alum 
which was put in, and if you do not put in any more alum than is neces- 
sary to offset the lime that is in the water, why no alum at all goes 
through filter. 

Mr. Lindley — If it is filtered intelligently, there is no trace of alum 
in the water, is there? 

Mr. Hering — If you have no lime naturally in the water and yet 
must use alum, then you must also add lime to the water, so that the 
alum will re-act. If the work is done properly, there is no reason why 
filtered water should not be as good water as you could get. There 
should be no alum left in it. 

Mr. Lindley — Have you compared the two different qualities, ac- 
cording to the analysis, as regards manufacturing? It is claimed that 
the water from the wells has sufficient hardness to make it much more 
undesirable for manufacturing than the river water. Have you deter- 
mined anything on that? 

Mr. Hering — I have not. If you use mechanical filters, your water 
will be made harder, but not as hard as the well water now is. 

Mr. Lindley — Is the difference between the hardness of the river 
water and well water worth considering? 

Mr. Hering — No, sir ; it is not worth considering. I think, in fur- 
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ther answer to your question, that the hardness of this well water, when 
it is taken out of ground in large quantities, will be less than it is now. 

Mr. Lindley — Have you followed the analysis to know what the 
hardness of the well water is? 

Mr. Hering — Four and a half degrees, I think. 

Mr. Lindley — Now, in reference to your estimate of expenses. 

Mr. Hering — You can have this in any detail that you want. This 
is only the summing up of the annual cost which I have here, the inter- 
est on investments, and the operating expenses. Mr. Le Conte has the 
details. 

The Chairman — I am sorry that Mr. Hering says that this is the 
last night he can be here. Mr. Le Conte will be prepared to give us his 
report in a few days. Mr. Arnold, have you any questions to ask? 

WOULD LAWSUITS FOLLOW? 

Mr. Arnold — The only thing that I took any particular notice of 
is pumping at the wells out at Florin, and all the lawsuits we will have. 
It looks to me, from the account here of Mr. Hering, like it will have 
something to do with it. If we pump 10,000,000 gallons a day, as you 
suggested here, we will be very likely to draw from the fruit lands more 
than fifty or sixty miles around. You will draw from the east, south- 
east and northeast. 

Mr. Lindley — Those people are drawing water from a distance of 
about twenty feet. They draw from twenty or twenty-five feet. That 
is as much as their pumps can stand at the present time. Suppose, now, 
that we lower their water fifteen feet. 

Mr. Hering — Show me where it is and I will explain it. 

Mr. Lindley — (Shows.) 

Mr. Hering — Well, you could not possibly lower it. 

Mr. Lindley — Could you lower it at all? 

Mr. Hering — I doubt very much whether you could lower it at 
all. This test would not have been worth five cents if that conclusion 
could be drawn. This test was made for the purpose of finding out 
how much you could draw there, apparently, without permanently low- 
ering the ground water beyond the cone of depression. 

Member of Committee — You do not think that any further test 
is required to establish that fact? 

Mr. Hering — Not to establish this point. If there had been any 
doubt left, I would have told you so, because an engineer never wants 
his recommendation to turn out incorrectly, and he never wants his 
work to be a failure. That is the reason that I have given you all the 
bad points, as well as the good ones, that I know of in this matter. It 
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is of no interest to me to tell you something that I do not think is right. 
In fact, I have recommended more filter schemes than ground water 
supplies. I am really more interested in filtration. Since the last ten 
years I have been one of the few engineers who have been engaged on 
that subject, and on every occasion I try to get people to filter their 
water, but I always recommend the cheaper of any two schemes, when 
I think them equally good. 

Member of Committee — You suggested that we run more in this 
direction, southeasterly (pointing to map). 

Mr. Hering — Yes, sir. 

Member of Committee — Would it not be a good plan for the city 
to buy a large tract of land? 

Mr. Hering — You cannot buy all the land from which the water 
percolates down to your strata, but what you want is fo have land 
enough upon which to put your wells and your machinery. That is all 
the land you would require in the immediate vicinity. You would want 
a strip of land there long enough and wide enough for such a purpose. 

Member of Committee — You would want a piece of land large 
enough in order to be safe against injunction? 

Mr. Hering — Well, I would get a release from all the property 
owners before starting the work. 

Member of Committee — Release instead of acquiring the land? 

Mr. Hering — Yes; perhaps that release would be sufficient. You 
can get that release sometimes on condition that you will pay so much 
a foot for the water as it is lowered in the well. Then, gentlemen, don't 
miss the opportunity to get levels of all the wells you can everywhere 
around in the neighborhood. Likely some people may sue for some 
damage that has never been done. Get the hydrographic records of this 
territory before starting, 'as far as the ground water is concerned. Es- 
tablish your proof for the present time. If Brooklyn had done that, she 
would have saved $50,000. 

Member of Committee — Where there is a liability of incurring 
damage, would not it still be more desirable to use the well water? 

OF EQUAL MERIT. 

Mr. Hering — If it is only a money question, gentlemen, you have 
the estimate of cost. You save $23,000 a year. I have tried to cover 
the ground this evening on those two points — efficiency and cost. I 
consider the two projects practically of equal merit, as regards the 
water, but the well supply much the cheaper one. Now, I will tell 
you what I should do if I were the engineer of this work. I would 
bore some wells to find out where this ground water was naturally com- 
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ing out on the surface. I would go down perhaps five feet below the 
surtace near the swamps south of the city. Now, if that water were 
flowing all the time, you can be sure that the water you propose taking 
is going to be good water, because it is the same water that comes 
out of this land, and demonstrates a continuous current. 

Member of Committee — How much is that water lowered now 
(pointing to the map)? 

Mr. Hering — Thirteen feet. At twenty-six feet below the surface 
your cone of depression went out that far (1500 feet). If you lower the 
level more than this, you can find out approximately, by a parallel line, 
where the new starting point of the cone will be. 

Member of Committee — Then you think that would be definite 
enough for us to base all estimates of damage on? 

Mr. Hering — Yes, sir; in such a case you know very nearly what 
is going to take place. Make your arrangement with land owners for 
so much a vertical foot of lowering. Merely to save yourselves from 
unjust suits, you want to get all this information beforehand, get it set- 
tled and make your contracts and so on. I made no estimate for such 
damages at all. It is a very small amount. 



Final Report of L. J. LeConte. 

SACRAMENTO, Cal., May 27, 1901. 

General Lewellyn Tozer, Chairman of the Water Committee of 
Sacramento, Cal. — Dear Sir : In compliance with youi verbal instruc- 
tions "to drop the matter of the city pipe system temporarily and take 
up the matter of making a special report on the East Side Wells scheme, 
together with an estimate embracing the probable cost of constructing 
the proposed East Side pumping station, wells, auxiliary reservoir, 
force main leading from the proposed station following the county road 
to a point near the intersection of Thirty-first and P Streets, at the 
present city limits," I have now the honor to submit the following re- 
port : 

PRESENT STATUS OF THE EAST SIDE WELLS SCHEME. 

The final results of the well-testing operations in January, 1900, are 
familiar to all the members of your honorable committee, and there- 
fore, all that can be said further in the matter is to clear up some 
doubtful points bearing upon the quantity of water which can reason- 
ably be expected, by proper development, from pumping stations lo- 
cated in the East Side Well district. 
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In reconsidering the results attained, two highly important feat- 
ures must be held constantly in mind. First, that the time selected 
for testing was at the end of the most prolonged drought known in the 
history of the State of California, and for that reason the results Would 
necessarily have unusual weight in deciding upon the minimum amount 
of water which could be obtained from any given pumping station. 
Second, that when the pumps were going full blast the ground water 
at the wells site was only depressed thirteen feet below its original lqvel, 
which is exceedingly moderate. That the pumps were all doing their 
level best and delivering 4,500,000 to 5,000,000 gallons per day; but 
that local conditions were such that the small pumps in use were un- 
able to pump any more than this amount of water. Hence it necessar- 
ily follows that the testing operations, in point of fact, simply determine 
the capacity of the little pumping plant in use, and did not properly de- 
termine the true intrinsic value of the water-bearing strata in the East 
Side Well district. I will now proceed to submit well-known facts to 
substantiate this statement. 

BROOKLYN— NEW YORK. 

The most extensive and reliable ground water supply in the Union 
is that of Brooklyn, New York. The city has a population 01 1,000,000. 
The present daily consumption is something over 80,000,000 gallons 
per day. Half of this water is derived from pumping stations located 
in a district underlaid by water-bearing strata of sand and gravel. In 
testing the ground for sites for new stations, in 1896, a 5,000,000 gal- 
lon testing plant was used. This was regarded as ample for the pur- 
poses held in view, and it was found by actual trial, lasting twenty-eight 
days, somewhat intermittent, that a continuous draft of 5,000,000 gal- 
lons per day would cause the ground water to lower fourteen feet at the 
station, and after pumping operations had ceased the ground waters re- 
covered their original level in twelve days. Now, turn to our own East 
Side Wells and see what results we have obtained from our ground- 
water district. By actual trial extending over six days, or 144 hours' 
steady pumping, we found that the ground waters subsided at and near 
the wells just thirteen feet by reason of a steady draft of 4,500,000 to 
5,000,000 gallons per day, and when the pumping test came to an end 
the ground waters recovered themselves' and resumed their old original 
levels in four days. It is clear, then, that the Sacramento wells devel- 
oped the same depression of ground water as the Brooklyn wells, for 
the same draft — namely, thirteen and fourteen feet respectively — and 
that they certainly recovered from the effects of a 5,000,000 gallons per 
day draft much more rapidly than the celebrated Brooklyn wells. These 
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potent facts all point unmistakably to the conclusion that the flow of 
underground waters in the East Side Well district is of immense vol- 
ume and thoroughly reliable as a source of water supply for the city of 
Sacramento. Your honorable committee is, of course, more particu- 
larly interested in the question as to the development of water supply 
from this district to its possible maximum. 

By reference to the blue print map herewith submitted, prepared 
by me in December, 1899, showing the topographic and hydrographic 
features of the East Side district, you will observe that the width of 
the belt of underground flow which was intercepted during the well- 
testing operations in January, 1900, was about one-half mile only. Far- 
ther south in continuation of the line of wells, we have the same water- 
bearing strata extending for a distance of 1.5 miles at least. This under- 
ground flow was entirely unaffected by our pumping operations and is 
certainly available for future extension of the water works in that di- 
rection whenever future demands may call for it. Inasmuch as the 
width of the unintercepted flow is fully three times that of the inter- 
cepted flow, which we know developed a supply of 5,000,000 gallons 
per day, we are fully justified in assuming that this district is capable, 
with proper development, of supplying at least 10,000,000 gallons per 
day, and it is highly probable that the yield may be 15,000,000 gallons 
per day. Finally, in view of these well-established fac^s, I am of the 
opinion that the proper first step to be taken by the city of Sacramento 
for obtaining an improved water supply would be to establish a 10,000,- 
000 gallon pumping station, with a suitable system of wells, in the East 
Side District, and supply the city with good, pure water from that 
source. , 

(See report Brooklyn Public Works Department for 1896, page 
128.) 

The next point to consider is that of the cost of the proposed pump- 
ing plant. 

The following is an approximate estimate of cost of constructing 
the proposed East Side pumping station, wells, auxiliary reservoir and 
force main leading from the station, following along the county road to 
a point near the intersection of Thirty-first and P Streets. The proposed 
plant is designed to have a capacity of 10,000,000 gallons per day. 

APPROXIMATE ESTIMATE OF COST OF A 10,000,000 GAL- 
LONS PUMPING PLANT AND SUPPLY MAIN. 

Force main from the pumping station to the 
city limits, two miles of 28-inch riveted 
pipe $38,206 
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Twenty wells (12 inches diameter) 7,200 

Twenty manholes and a horizontal connect- 
ing main from wells to pumping station 54,263 
Pumping station complete, two 10,000,000 
gallons pumping engines and five 200 

horse power boilers 108,000 

General pumping expenses during construc- 
tion 10,800 

Auxiliary reservoir, 6,000,000 gallons 16,200 

Contingencies, engineering expenses and 

superintendence 26,000 

Total $260,669 

Land purchases? 

Rights of way? . 



ANNUAL OPERATING EXPENSES. 

The most important feature connected with a city water supply is 
that of annual operating expenses. For the particular purposes of this 
report all that is necessary or desirable is to know the cost of operat- 
ing and the delivery of water at the city limits. In order to facilitate 
comparison with other rival schemes, it i§ assumed that a consumption 
of 10,000,000 gallons per day is desirable as a basis for calculations. 

PUMPING OPERATIONS. 

Ten million gallons per day, 3650 million gal- 
lons per annum, at $12 per million 
gallons $43,800 

DEPRECIATION. 

Well casings, life forty years, per annum $50 

Cast iron pipe, life 100 years, per annum 224 

Pumping engines, life twenty-five years, per an- 
num 2640 

Five boilers, life twenty years, per annum 1500 

Two miles supply main, life forty years, per 

annum 1061 

Engine and boiler houses, 100 years 260 

• _______ 

Total $5735 
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GRAND TOTAL ANNUAL EXPENSES AND INTEREST 

ACCOUNT. 

In order to make financial comparison with the different rival 
schemes for water supply possible, it becomes necessary to consider 
three fundamental items : 

Annual interest on total investment at 4 

per cent $10,426 76 

Annual operating expenses of pumping 

station 43,800 00 

Annual depreciation of perishable material 

in the pumping plant and pipes 5,735 00 

Grand total annual expenses $59*961 76 

In round figures, say $60,000 per annum, is the financial value of 
the East Side Wells scheme, on the basis of a reliable supply of 10,000,- 
000 gallons per day of good, pure, flowing ground water, which is by 
nature spring water. 

This supply does not require filtration. 

Respectfully submitted, 
L. J. LE CONTE, C. E., M. Am. Soc. C. E. 



Majority Report. 

From the foregoing reports and investigations made, the under- 
signed, members of your committee, find as matter of fact: 

1st. That there is no question as to the quantity of water and the 
continuity of flow in the Sacramento River. It is an ample source, not 
only for the city's present needs, but for any future requirements. Of 
this Mr. Hering in his report says : "With reference to the quantity, not 
a word need be said about the abundant quantity of water in the Sacra- 
mento River. But the quantity of water to be found in the underground 
strata is an important matter ; and, as we can not see it running on the 
surface like water from springs, or in brooks or rivers, we must have 
some other means of finding out its quantity and that is largely by 
inductive reasoning." In the minds of the undersigned members of the 
committee, the question of a permanent quantity to be found in the 
wells sufficient for the needs of the city, even at the present time, is a 
very doubtful element, and is involved in great uncertainty and can 
only be solved, by actual demonstration. 
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2d. That by the employment of mechanical filtration, the waters 
of the Sacramento River can be rendered chemically pure, free from 
dangerous bacteria, and made an ideal water for domestic and manu- 
facturing purposes, and, in as much as material progress, is being made 
continually in filtering methods, the results obtained in the future will, 
no doubt, be much more favorable. Says Mr. Hering upon this point : 
"The quality of the water of the Sacramento River can be made so 
that it will give every satisfaction thai you expect. It is a very soft 
water, pleasant to the taste, and when it is deprived of its suspended 
matter and bacteria, I do not think there is much better water to be 
obtained anywhere." Conceding all that may be said upon this ques- 
tion in relation to the ground water, Mr. Hering says that "as far as 
the question of quality is concerned that there is again no decided pref- 
erence between the two sources." It is, however, shown by the analyses 
that the river water is softer, and, in our judgment, more potable than 
the water from the East Side wells. 

3d. The source of the Sacramento River is open, certain and sub- 
ject to inspection at all times, and the city drawing its supply from this 
source would be free from any entanglement, legal or otherwise, and 
not in conflict with any other interest, public or private ; while, on the 
other hand, damage might be done to adjacent land owners by drawing 
the city's supply from the wells, and as a safeguard against which Mr. 
Hering recommends that the city buy releases from the owners of prop- 
erty in the neighborhood of the wells plant. 

4th. That the probable cost of the river system is, in round num- 
bers, about $400,000, and that of the wells system $350,000 ; that the 
cost of operating the filtration plant, upon the basis of 10,000,000 gal- 
lons per day, will exceed that of the wells by about $15,000 per annum. 
It will be noted, however, that the plans submitted by the Committee 
on Sacramento River Supply provide for buildings sufficiently large 
to install a filter plant with a capacity of 16,000,000 gallons per day, 
but only filters sufficient to handle 12,000,000 gallons are to be put in 
at first, while the wells system is estimated upon a basis of 10,000,000 
gallons per day ; therefore, when it shall become necessary to increase 
the capacity of the plant to 16,000,000 gallons per day, additional filters 
can be installed for a very small sum compared with the cost of de- 
veloping 6,000,000 gallons more from the wells. 

5th. In the event of th« adoption of the wells system, a consid- 
erable additional expense will be incurred by reason of reversing the 
system of pipes for distribution purposes. 
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CONCLUSION AND RECOMMENDATION. 

Notwithstanding that the first cost, as also the cost of operating 
the filtration system, is greater than that of the wells, a fact which of 
itself is not considered of so great importance as to decide the question 
of the two supplies, when weighed against the uncertainties involved 
in the well problem, and with all due regard to the recommendations 
of Mr. Hering based upon scientific inductive reasoning, which in the 
end is finally decided in favor of the wells system solely upon the 
question of cost, as a conclusion and recommendation from the fore- 
going findings of fact, the undersigned members of the committee de- 
cide in favor of the city drawing its water supply from the Sacramento 
River, to be filtered in accordance with the report of the Committee 
on Sacramento River Supply, hereinbefore fully set forth as being the 
best and safest system, all matters considered, for the City of Sacra- 
mento, and they so recommend. 



Respectfully submitted, 



THOS. B. HALL, 
HERMAN H. GRAU, 
HOWARD STILLMAN, 
WM. J. HASSETT, 
TOM. SCOTT, 
J. H. ARNOLD, 
P. C. DRESCHER, 
THOS. FOX, 
D. M'KAY, 



S. LUKE HOWE, Secretary. 



Minority Report. 

The undersigned, a minority of "Citizens' Water Investigation 
Committee," differing with the majority as to the choice of a water 
supply for Sacramento City, submit the following reasons for recom- 
mending East Side wells as a source of supply for our city. 

The elements involved in question are, Quality, Quantity and 
Cost. 

. 1st. QUALITY. "Pure water is preferable to purified water." 

We agree with Mr. Hering, who says: "In fact, regarding qual- 
ity, I would say that you are safer with the ground water than you are 
with the filtered water, because nature works according to fixed laws, 
and if you only know them, you can watch and regulate, but a human 
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being, operating a filter, is apt to slip up sometimes, and it is at least 
as probable that you will get unproperly filtered water, as polluted 
ground water, under the particular conditions of your case mentioned 
above." 

We agree with the "Purity Committee," whose report says (page 
73) : "It is the opinion of this Committee that, owing to possible lack 
of care or ideal conditions at all times in the practical operation of a 
filter system, the well supply would prove the more constant or uni- 
form in quality of the two systems proposed." 

As to the permanence of quality, we agree with Mr. Hering — "I 
therefore feel quite confident that the quality of the water will 
always remain as it is. Its present softness is, in part, a con- 
firmation of that conclusion, because it shows that the territory must 
be of such geological formation as we see it to be from the surface 
indications." 

The slight difference in hardness between the well water and river 
water will be materially reduced, if not entirely overcome, by the in- 
crease of hardness of river water, when subjected to a mechanical pro- 
cess of filtration. Well water has been analyzed from the district where 
it is proposed to locate the wells with results as to hardness the 
same as that of an analysis of the river water at Red Bluff, where it is 
supposed to be more desirable as a drinking water than is the river 
water at Sacramento. (See analyses reported by "Purity Committee," 

page 73-) 

Any pollution of the underground water, (a condition most im- 
probable), would be a matter for regulation by our local county legis- 
lature, of which we may reasonably expect to have control, while pol- 
lution of the river, an existing and increasing condition ,would be more 
of a State or inter-county affair, in which we would not have so much 
influence, and so long as we use the river for disposal of our sewage, 
we would be influenced in restricting such pollution above us by the 
danger of subjecting ourselves to the expense of a very costly change in 
our sewerage system. 

2d. QUANTITY. — We agree with the statement of our colleagues 
of the majority, substantiated by quotation from report of Mr. Hering, 
in reference to the quantity of water and the continuity of flow in the 
Sacramento River. However, it was not to establish this fact that we 
called Mr. Hering from the far East. We did call him rather to decide 
by scientific reasoning, not only the question of the sufficiency and 
permanence of the supply to be obtained from the East Side wells, but 
to consider and decide upon the relative merits of both the river and 
wells. Concerning the latter, in his report, Mr. Hering says: "It is en- 
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tirely safe to have an estimate of cost on 10,000,000 gallons of water a 
day, such as Mr. Le Conte prepared, and I am confident you can get 
much more. There is no doubt at all about it; and the beauty of a 
system of this sort is, that you can readily extend it as you need more 
water." Also, "So far as the quantity is concerned, I am therefore 
satisfied that we have enough water here (East Side wells) for your 
purpose." Whereas, in the opinion of the majority, unsubstantiated by 
expert authority, the question of a permanent quantity to be found in 
wells sufficient for the needs of the city, even at the present time "is a 
very doubtful element, and is involved in great uncertainty and can 
only be solved by actual demonstration." With all due respect to the 
opinion of our colleagues of the majority, who, with ourselves, for two 
years have given this subject earnest consideration, we must defer to 
the opinions of the experts, who have devoted many years of study to 
solving similar questions in many localities, and whom we employed to 
study this question. 

If we have not solved the problem of sufficiency or insufficiency 
of the ground water supply, we, as investigators, have not performed 
our full duty and the Committee should ask for further time and con- 
sequent appropriations to expend upon tests or upon expert testimony 
upon which we can rely. 

Mr. Le Conte says : "By reference to the blue print map herewith 
submitted," etc., etc., and after stating the width of the belt of under- 
ground flow, intercepted to be about one-half mile, he goes on to say 
"The same water bearing strata extends at least one and one-fifth miles 
further south, and which was entirely unaffected by the pumping test," 
and concludes by saying, "Inasmuch as the unintercepted flow is fully 
three times that of the intercepted flow, which we know developed 
5,000,000 gallons per day, we are fully justified in saying that the dis- 
trict is capable, with proper development, of supplying at least 10,- 
000,000 per day, and it is highly probable that the yield may be 15,- 
000,000." We agree with him in all these conclusions. 

Particular attention is called to the map above referred to (see 
page no), which shows the approximate limits of the water depression 
caused by six days continuous pumping and which was one-half mile 
wide by one mile long, and this, it must be borne in mind, covers all of 
the land wherein the water level was affected, so it is reasonable to con- 
clude that by extending the system of wells another half mile south it 
would produce nearly or quite double the amount of water and cor- 
respondingly extend the southerly limits of water depression, and, 
therefore, would not affect the water level beyond the limits of one 
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square mile, and about half this extent would be affected only to a slight 
degree. 

Much larger cities than Sacramento have had underground water 
supplies for many years; e. g. Dresden, population, 280,000; Munich, 
350,000; Brussels, 500,000; Budha Pesth, 500,000; Lowell, Mass., 
90,000 ; and many others, besides those cities which are supplied wholly 
or in part by well systems, as Brooklyn, N. Y. ; Frankfort-on-the- 
Main, Vienna, and others. 

3d. COST. — The only estimates which we can recognize as a 
basis of calculation are the official estimates of Engineers Le Conte 
and Wagner, which were accepted by Mr. Hering. Adding to Mr. Le 
Conte's estimate the cost of land, which is not included in his estimate, 
certainly not exceeding $20,000, the cost of well supply would be 
$280,000. Upon this added amount there would be no depreciation. 
Accordingly this increased cost would affect the annual expense only 
by increasing the interest account about $1,000. This would re- 
duce the annual saving estimated by Mr. Hering from $23,000 to 
$22,000. In thirteen years the annual saving of $22,000, applied as a 
Sinking and Redemption Fund, would liquidate the debt involved in 
establishing the well system. 

This amount is equivalent to the interest on $550,000 at 4 per cent. 
per annum, an item which taxpayers can not afford to ignore. 

Twenty-two thousand dollars is 30 per cent, of the present net 
proceeds ($73,595-91 for the year 1900) from our water works system, 
which is now used to decrease tax rate; $22,000 annually invested in 
extra municipal improvements would do much to make Sacramento a 
model city. 

Any extra land purchased for protection against possible pollution 
or legal complication, would serve as a site for a needed park and be 
an attractive feature of Sacramento. 

The risk which the majority fear in establishing a water plant at 
the site of the wells is nil compared with the absolute certainty of 
expending an extra $22,000 annually for filtration. 

The figures on filtration are made on a basis of an economical 
handling of the filter plant, even to the extent of eliminating the cost 
of maintaining a laboratory to insure uniformly correct purification, a 
questionable economy to say the least. 

The argument of the majority to the effect that when it becomes 
necessary to increase the supply from 10,000,000 to 16,000,000 (a supply 
sufficient for more than 100,000 population) "The additional filters can 
be installed for a very small sum compared with the cost of developing 
6,000,000 gallons more from the wells," has been answered by Mr. 
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Hering, in reference to quantity at well site, when he says : "There is 
no doubt at all about it," as already quoted above, but even if their 
statement should prove true, by the time the city will need an extra 
6,000,000 gallons of water, the adoption of the well system will have 
saved enough money to buy two filter plants. 

The statement is made that a "considerable additional expense will 
be incurred by means of reversing the system of pipes for distribution 
purposes." This statement is misleading, for no change will become 
necessary, but simply larger mains will be required for the eastern and 
southeastern part of the city. Our citizens in that quarter of the city 
are entitled to some consideration, especially as the city is growing out 
in that direction, and this item of cost will not exceed the saving of one 
year by the proposed well system. 

The majority suggest the possibility of legal entanglements. To 
this we answer : The savings of a well system would be sufficient, not 
simply to buy releases, if such were necessary, but to buy the land for 
miles around the plant. 

Finally, it is but proper to say that Mr. Rudolph Hering is one of 
the leading authorities of America on water supply. He has studied 
the subject in America and Europe. His practical experience is great. 
His reputation is international. Such cities as Philadelphia, Washing- 
ton, New Orleans, etc., have sought and followed his advice, and we 
can see no reason for refusing to accept his recommendations, particu- 
larly as his opinion is the only expert opinion we have obtained, and 
it is not at all likely that he would jeopardize his professional reputation 
in recommending a water supply, the success of which might prove 
doubtful. 

The choice is between river water and water that is practically 
mountain spring water. 

In conclusion we recommend the well system, because of — 

1st. Superior quality of water. 

2d. Sufficiency of quantity. 

3d. Economy of expense. 
Respectfully submitted, 

ANDREW M. HENDERSON, 
D. A. LINDLEY, 
LEWELLYN TOZER, 
A. MEISTER. 
S. LUKE HOWE, Secretary. 



— ii9 — 

Paper by Dr. W. A. Brings. 

General Lewellyn Tozer, Chairman of the Sacramento Citizens' 
Water Committee. 

Dear Sir : Permit me to say that I found it impossible to act with 
your Committee, and so informed the Honorable Mayor in declining 
the appointment, received late in the course of your investigations. Not 
having participated in your labors, I felt that to join in your report 
would put both the Committee and myself in a false position. It was 
respect for your Committee and its painstaking work, I assure you, and 
not intended discourtesy that withheld my signature. Not by any 
means that I have no opinion on this question so vital to all, for, on the 
contrary, I have an opinion derived, I believe, from a thorough and 
comprehensive study of the facts, analogies, conditions and principles 
involved. With your permission I shall embrace this opportunity to 
express it fully and yet, if possible, not too much at length. 

i. In the long run the well supply, in my opinion, will be more 
reliable than the river supply. By deforestation of the mountains, min- 
ing, irrigation and electric-power plants the American has been impov- 
erished almost to the last degree — at least, judging from the prompt 
threat of injunction that met a recent proposal to supply the city of 
Sacramento from this source. The same process of deforestation, the 
same appropriation of water for mining, irrigation and power occur on 
the Sacramento and its tributaries and are producing the same results. 
Greater enterprises are now projected and still greater ones will as- 
suredly be consummated in the not distant future. For what observant 
Californian doubts that the Sacramento Valley is destined soon to 
be covered by a vast carpet of luxuriant vegetation, and chiefly by 
virtue of the waters of its principal river? What then will have become 
of the "inexhaustible" Sacramento? It will have followed the "inex- 
haustible" American. Even to-day it is but the shade of its former self. 
The truth is that the present generation will demonstrate that, for 
municipal purposes, our subterranean streams are more truly inex- 
haustible than our great rivers, for the demands on the former, except 
for domestic and municipal use, will materially diminish, while, on the 
contrary, the demands on the latter will enormously increase. 

2. Hand in hand with this diminishing volume of our rivers will 
go just as certainly a correspondingly increasing population using the 
river channels for drainage. In this magnificent valley other Sacra- 
mentoes will arise, and, emulating, perhaps, our own punctillious re- 
gard for decency and law, will discharge their sewage into the rivers. 
Factories will come and who, but a "silurian," will dare deny them any 
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facility? Cattle will multiply on a million acres if not on a thousand 
hills. All these, with the decaying vegetation inevitably following in- 
tensive agriculture, will foul the lands drained by the Sacramento and 
its tributaries and still further pollute their waters. Rivers, in fact, have 
been/ called Nature's sewers, and so they are. 

What does this diminishing flow of water and increasing content 
of filth portend? When the city of Sacramento shall celebrate its cen- 
tennial, if not before, we may not unreasonbly predict that, in the dry 
season, the Sacramento will be reduced to one-fifth of its present vol- 
ume and will carry five fold its present content of filth ; that is, its pol- 
lution will be twenty-five times as great as now. If filters should re- 
move 98 per cent, of this filth there would still remain 50 per cent, as 
much as our present unfiltered supply contains, and if only 90 per cent, 
there would yet remain 250 per cent., or two and one-half times as 
much as the present pollution. But with increasing pollution, filters 
fall in efficiency, and I doubt very much if, in forty years, they would 
furnish water really as potable as our present unfiltered, and, I hope, 
soon to be unlamented, river supply. 

3. It is wise for a city no less than for an individual to count the 
cost. The economy of the subterranean supply is manifest. The initial 
expense is confessedly less than that of the filtration scheme, by some 
$50,000 or $100,000. The annual saving in expense of operation, etc., 
is variously estimated at from $15,000 to $22,000 — the interest on ap- 
proximately a half million dollars. In other words, in the long run the 
filtered river supply would cost a half million more than the subter- 
ranean supply — a sum certainly not insignificant, even when levied on 
the affluent ; and, when pinched, penny by penny, from the pockets of 
the toiling multitude, it becomes positively monumental. But by no 
means is this the only economy, perhaps by no means the greatest 
economy, of the proposed subterranean supply, even from a purely 
financial standpoint. The well supply would save materially in the ex- 
pense of disease and death. It would effect a still higher economy, 
from a physician's point of view, the one imperative economy — an 
economy in health and life. Let us count the cost. 

4. The well plant would possess the important desideratum of 
simplicity in a much higher degree than the filtration system. It would 
be far more comprehensible and more manageable by the official intel- 
ligence. 

5. In installation and management the filtration system would 
lend itself more easily to official corruption; it would afford greater 
patronage to the boss, greater opportunity for jobbing of one kind and 
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another ; something, since the fall of Lucifer, to be avoided, at least, in 
Sacramento. 

In a nutshell, I favor the subterranean supply as — 

i. Better assured in quantity. 

2. Incomparably better assured in quality. 

3. Cheaper in the long run in dollars and cents by at least a half 
million dollars. 

4. Cheaper in life and health in an incalculable, but by no means 
unimportant, degree. 

5. Simpler in operation and, therefore, less liable to disorder. 

6. Less provocative of boss rule and official corruption. 

Yours respectfully, 

W. A. BRIGGS. 
Sacramento, September 18, 1901. 



Recommendation of General Committee. 

The members of the Citizens' Water Investigation Committee of 
the City of Sacramento, being unable to agree unanimously as between 
the River and Well System of supply, the main points of difference 
being greater cost of one as against what is claimed to be grave un- 
certainties of the other, it is recommended that at the coming munici- 
pal election the question be submitted to the people, that they may ex- 
press for themselves a preference for either one or the other of said sys- 
tems, a majority so voting to determine the question. 
Respectfully submitted, 

LEWELLYN TOZER, 
HERMAN H. GRAU, 
THOS. B. HALL, 
HOWARD STILLMAN, 
WM. J. HASSETT, 
TOM SCOTT, 
J. H. ARNOLD, 
ANDREW M. HENDERSON, 
P. C. DRESCHER, 
D. A. LINDLEY, 
THOS. FOX, 
A. MEISTER, 
D. M'KAY, 
S. LUKE HOWE, Secretary. 
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Water Mains. 

While making its investigation for a source' of water supply, your 
committee felt that its work would be incomplete until it had caused 
to be laid out a modern and complete system of water mains, compre- 
hensive enough for the city's future requirements, it being thought 
advisable to adopt a complete system, to be constructed as future de- 
mands may require. This work was intrusted to Engineer L. J. Le 
Conte, who has laid out such a system and designated as much of it 
as he deems necessary for present day needs. His report is herewith 
appended and maps of same have also been furnished. 

The general idea of this system was suggested by Mr. Herman 
Schussler and also recommended by Mr. Le Conte. The plan contem- 
plates the continued use of 4- and 6-inch pipes running east and west 
through alleyways, and the use of cast iron mains for all new work 
within, the city limits, except the force main, which will be required to 
conduct water from the filter plant or well system (whichever may be 
adopted). 

The special feature of this plan consists in dividing the distributing 
system into squares and rectangles by means of large mains, the most 
important of which consists in laying 20-inch mains along I and Q 
Streets from Sixth to Twenty-eighth, and connecting same by laying 
20-inch mains on Sixth and Twenty-eighth Streets, but to continue to 
use the present main on I Street from Sixth to Sixteenth Street during 
its life; this area to be divided by use of 12-inch mains running north 
and south, as shown by plan. The territory north of I Street and south 
of Q Street is to be laid out in a similar manner, but by the use of 
mains of less capacity. 



Report on Water Mains by L. J. LeConte. 

SACRAMENTO, Cal., June 1, 1901. 

General Lewellyn Tozer, Chairman Water Committee, Sacramento, 
Cal. — Dear Sir: In compliance with your written instructions of the 
16th .ulto., to wit, "to assist our committee in reaching a final conclu- 
sion as to a source of water supply for this city and also to lay out, or 
rather complete, the city mains in accordance with the ideas suggested 
to you some months ago," I have now the honor to submit the follow- 
ing report : 

A special report on the source of water supply from the proposed 
East Side Wells, dated May 2J> 1901, was placed in your hands the 
same day. 



— 123 — 

This report, therefore, refers exclusively to the proposed improve- 
ments in the city pipe system. 

On arriving in Sacramento my first step was to obtain a good map, 
showing the location and sizes of the existing distributing mains. This 
was furnished to me by Mr. T. B. Hall. I then proceeded to City En- 
gineer's office, where I met Mr. Watt, the pipe chief, and he and I com- 
pared the map in hand with the standard maps on record to ascertain 
whether the Hall map correctly represented the existing pipe system. 
It was finally concluded that it was correct and reliable. 

A study of the existing pipe system developed the following facts : 

First — The pumping wprks are now located at the corner of Front 
and I Streets. The pipe system begins here with a 20-inch riveted 
main, extends easterly along I Street, diminishing to 18 inches, and 
reaching as far east as Ninth Street, thence turns south along Ninth 
Street as far as the south line of K Street. This riveted pipe was made 
and laid in 1873, and is now twenty-eight years old. If properly made ' 
and coated, this pipe ought to be good for twelve years' service yet. At 
this point the 18-inch riveted connects with a reducer to a 14-inch cast, 
which continues southerly to the alley line between N and O, where it 
connects with a reducer to a 12-inch cast, which continues southerly 
to the alley line between P and Q, where it connects with a reducer to 
a 10-inch cast, which, continuing south, terminates in a dead-end at the 
south line of Q Street. 

BRANCH MAINS. 

First — A 16-inch riveted branch main begins at the intersection of 
Ninth and I Streets, thence easterly along I to Sixteenth Street, thence 
south along Sixteenth Street to the south line of L, where it connects 
with a reducer to a 12-inch cast. This riveted pipe was made and laid 
in 1880, and is, therefore, in all probability, good for nineteen years' 
service yet. Thence the 12-inch cast extends south and terminates in 
a dead-end at the north line of P Street. 

Second — A smaller branch 13-inch cast begins at the intersec- 
tion of Second and I Streets, thence extends south along Second to 
the alley line between M and N Streets, where it connects with a re- 
ducer to a 12-inch cast, which extends south to the alley line between 
N and O Streets, where it connects with a 6-inch cast alley main. 

SMALL ALLEY MAINS. 

The large mains above described constitute all the chief arterial 
pipes in the entire city. The balance of the pipes are nearly all small 
sizes — 8-inch, 6-inch, 4-inch cast and 3-inch and 2-inch wrought. 
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The characteristic feature is that these small mains, with rare ex- 
ception, do not follow the streets, but pass through the alleyways, sit- 
uated midway the blocks, and have an easterly and westerly direction. 
The chief cause of complaint undoubtedly arises from the extraordin- 
arily abnormal length of small mains, without any cross-connecting 
mains of any kind whatsoever. Some of these 6-inch cast alley mains 
are fourteen and fifteen blocks long, and a large percentage are ten 
blocks long, without a single cross-connection, and as a rule all termin- 
ating in dead-ends. These facts show clearly the proper remedy is the 
introduction of a good system of larger mains, io-inch, 12-inch and 14- 
inch cast, intersecting the existing system of small alley mains at right 
angles so as to cut them up into shorter lengths of, say, three and four 
oiocks only. Such a system has been designed and a new city water 
pipe map is now in preparation under my direction which will rem- 
edy the evils complained of and furnish excellent pressure, with good, 
efficient fire hydrant service. 

It is highly desirable to submit two schemes and estimates for the 
improved pipe system, namely, one embracing the entire city of Sac- 
ramento out to the extreme city limits, with due provision for easterly 
extensions; the other embracing only such portions of the general 
scheme as may be deemed necessary to meet all present requirements, 
and which will make use of the existing riveted pipe until their natural 
life of usefulness has expired. 

GENERAL SCHEME FOR CITY PIPE SYSTEM. 

The full details of the proposed general distributing system will be 
seen by reference to the map now in course of preparation. In general 
terms it may be described as follows : The 20-inch cast mains will em- 
brace a large rectangle represented by I and Q Streets on the north and 
south and by Sixth and Twenty-eighth Streets on the west and east. 
At the southeast and northwest corners of the rectangle a larger 28- 
inch riveted supply main will be necessary, either extending easterly 
towards the proposed East Side Wells pumping station or westerly 
along I Street to Front, and thence northerly to the site of the proposed 
filters and pumping station located near the west end of the north 
levee. This is not included in the estimate, because undecided. These 
large mains will constitute the chief arterial pipes for general distribu- 
tion. From these a system of branch mains extend both northerly, 
southerly, easterly and westerly, dividing the city into small rectangles 
of, say, three, four and five blocks on a side ; but the general aim should 
be to intersect the small alley mains so as to sub-divide them into short 



— 125 — 

lengths not to exceed four blocks in length, and no dead-ends if pos- 
sible. 

ESTIMATE OF COST OF GENERAL SCHEME. 

20-inch cast, 24,550 feet, at $4 98,200 

16-inch cast, 400 feet, at $3.20 1,280 

14-inch cast, 21,600 feet, at $2.80 60,480 

12-inch cast, 66,650 feet, at $2.31 i53>96i 

10-inch cast, 46,800 feet, at $1.86 87,048 

160,000 feet (nearly 30 miles) $400,969 

The above rates per foot linear includes specials and paving. 

NEW GATES. 

10-inch gates, 63 at $38 $2,394 

12-inch gates, 100 at $47 4,700 

14-inch gates, 26 at $60 1,560 

16-inch gates, 3 at $137 411 

20-inch gates, 34 at $155 5,270 

Total $14,335 

Note. — Prices include boxes only for sizes below 16-inch, setting 
being included in the pipe laying. 

PARTIAL SCHEME TO MEET PRESENT DAY REQUIRE- 
MENTS. 

Alter studying the existing pipe system and its lack of efficiency, i 
have come to the following conclusions as to the best method to adopt 
in relieving the existing troubles. 

Full details of the proposed partial scheme for re-enforcing the ex- 
isting pipe system will be seen by reference to the special map now in 
course of preparation. 

ESTIMATE OF COST OF PARTIAL SCHEME TO MEET 

PRESENT DAY REQUIREMENTS. 

NEW PIPE. 

20-inch cast, 20,500 feet, at $4 $82,200 

16-inch cast, 400 feet, at $3.20 1,280 

14-inch cast, 5700 feet, at $2.80 15,960 

12-inch cast, 10,900 feet, at $2.31 2 5>i79 

Total $124,619 

Note. — The above rates per foot linear includes special castings 
and paving. 
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NEW GATES. 

20-inch, 22, at $155 $3,410 

16-inch, 2, at $137 274 

14-inch, 5, at $60 300 

12-inch, 13, at $47 611 

Total $4*595 

Note. — Price includes boxes only for sizes below 16-inch, setting 
being included in pipe laying. 

FINAL REMARKS. 

In conclusion, I would respectfully call your attention to the great 
financial importance of a good pipe system and efficient fire hydrant 
service. 

Good fire hydrant service demands 150 feet net pressure in densely 
built portions of city, while the suburbs should have at least 100 feet 
net. 

Experience all over the Union shows that by the introduction of 
water works with good pipe systems the average annual loss by fire 
becomes only one-sixth of the former losses. In a large number of in- 
stances the annual savings amount to $125,000, and in five to six years 
fully cover the entire cost of the water supply. 

As to fire insurance rates, we find that the financial value of en- 
hanced fire risk and additional premium charged on the most favor- 
able buildings is 60 per cent without water works and 40 per cent if 
only fire cisterns are provided, and still less for more extended improve- 
ments. The perpetual reduction in rates is a matter of great and last- 
ing value to any community. Respectfully submitted, 

L. J. LE CONTE, C. E., M. Am. Soc. C. E. 

P. S. — My attention has been called to an unusual omission in 
the old pipe system, which is not open to inspection. I refer to the 
general absence of auxiliary gates to hydrants — consequently when re- 
pairs become necessary the street supply has to be cut off. This should 
not be allowed to continue. Mr. Watt informs me that there are 424 
such 4-inch hydrant branches without 4-inch gates. They are cheap, 
single disc gates and only cost $8 to $10 each. I would recommend 
that these gates be put in at your convenience. L. J. L. 
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Statement of Expenditures. 

Since the organization of the Committee, forty-three sessions have 
been held. Much of the work, however, was done at sub-committee 
meetings and by individual members, many of whom visited cities 
throughout the East and in this State, in search for information upon 
the water question at their own expense. 

The following is a general statement of the amount expended by 
the Committee, vouchers for which are on file with the City Auditor : 

Committee on Wells $ 6,573 73 

Committee on American River Supply . . 50 76 

Committee on Sacramento River Supply 500 00 

Committee No. 4 517 20 

Committee on Analyses 311 65 

General Committee 2,186 70 

Total $10,140 04 
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